Genetic and cellular aspects of the immune response of mice to highly substituted dinitrophenylated gamma globulin by Newton, Robert Charles
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1978
Genetic and cellular aspects of the immune
response of mice to highly substituted
dinitrophenylated gamma globulin
Robert Charles Newton
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Allergy and Immunology Commons, Immunology and Infectious Disease Commons,
and the Medical Immunology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Newton, Robert Charles, "Genetic and cellular aspects of the immune response of mice to highly substituted dinitrophenylated
gamma globulin " (1978). Retrospective Theses and Dissertations. 6407.
https://lib.dr.iastate.edu/rtd/6407
INFORMATION TO USERS 
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand comer 
of a large sheet anrl to fontiniip frnm Ipft tn riohf in pniiiit «/ith 
small overlaps. If necessary, sectioning is continued again—beginning 
below the first row and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by 
xerography, photographic prints can be purchased at additional cost and 
tipped into your xerographic copy. Requests can be made to our 
Dissertations Customer Services Department. 
5. Some pages in any document may have indistinct print. In all cases we 
have filmed the best available copy. 
Universi^  
^ A r/^F5 8 r-r^ e I V IIWI III t 
International 
31)0 N. /hhB HOAD, ANN ARBOR, Ml 4H10G 
18 BEDFORD ROW, LONDON WCIR 41:J, ENGLAND 
7 9 3 7 2 7 D  
NEWTOV, RJBESr CHIRLES 
GENETIC A?40 C ELLUL At ASPECTS OF THE IMM'JNE 
RESPONSE OF MICE TO HIGHLY SUBSTITUTED 
DINITi]?HEVYL&TED &LL13JLn. 
IOWA STATE JNIVERSIIY, PH.D., 1?7S 
Univefsity 
Microfilms 
International 300 n, zeeb road, ann ahboh, mi «aioc 
Genetic and cellular aspects of the immune 
response of mice to highly substituted 
dinitrophenylated gamma globulin 
by 
Robert Charles Newton 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major: Molecular, Cellular and 
Developmental Biology 
Approved 
Members of the Committee 
In p^arge of Major Work 
the Major Depa^^ent 
For the Graduate College 
Iowa State University 
Ames. Iowa 
1978 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
il 
TABLE OF CONTENTS 
Pages 
LIST OF ABBREVIATIONS vil 
INTRODUCTION 1 
The Cells of the Immune System 1 
B cells 3 
Characteristics 3 
Activation 6 
T cells 9 
Characteristics 10 
Activation 
Macrophages I7 
Characteristics 18 
Localization of Antigen I9 
Particulate antigen 20 
Soluble antigen 23 
Positive Effects on Antibody Responses 2U 
T-independent antigens 24 
T-dependent antigens 25 
T-B cell cooperation 25 
Macrophage-lymphocyte interaction 29 
Negative Effects on Antibody Responses 32 
T cell suppression 32 
Macrophage suppression 35 
Antibody suppression 35 
Tolerance 35 
Genetic Control of the Immune Response 39 
H-2 linked immune renponne gene- 40 
Allotype linked Ir genes 44 
Sex linked Ir genes 44 
Undefined or partially defined Ir genes 46 
Goals of This Dissertation 4? 
iii 
MATERIALS AND METHODS 49 
Animals 49 
Mouse strains 49 
F1 hybrid mice 49 
Backcross generation mice 49 
Allophenic mice 50 
Rabbits 50 
Adjuvants 50 
Aluminum hydroxide 50 
Complete Freund's adjuvant 51 
Antigens 51 
DNP-HGG, high conjugation 51 
DNP-BSA and DNP-BGG 54 
hHGG 54 
DNP-HGG, low conjugation 55 
Immunization Schedules 55 
Antigen in Al(OH)^ 55 
Antigen in CPA 55 
Preparation cf anti-mouse gamma globulin 5^ 
Preparation of Serum 57 
Assays for Serum Anti-DNP Antibody 58 
UNP-T4 phage inactivalion assay 5S 
Maintenance of E. coli B 38 
Growth of the t4 phage 58 
Titration of t4 phage 59 
Derivatization of phage 60 
t4 phage anti-DNP assay 
Radioimmunoassay 62 
Radiolabeled hapten 62 
Parr assay, procedure 1 64 
Farr assay, procedure 2 64 
Reverse Radial Immunodiffusion 
Preparation 65 
iv 
Quanti Lation 66 
Mercaptoethanol Treatment of Serum 68 
Determination of Anti-DNP Antibody Affinity 69 
Polyacrylamide Gel isoeletric Focusing 69 
Immunoelectrophoresis 70 
Ouchterlony Analysis 72 
Photography of Immunoelectrophoresis and 72 
Immunodiffusion Plates 
Labeling of Sheep Red Blood Cells for Use in 73 
Anti-DNP Plaque Assay 
DNP-anti-SRBC-Fab method 73 
Isolation of Fab fragments 73 
Derivatization of Fab fragments 77 
Sensitization of sheep red blood 77 
cells 
Glutaraldehyde method 81 
Chromium chloride method 8l 
TNP labeling of SRBC 82 
DNP labeling of SRBC 83 
Hemagglutination Assay 83 
Complement Mediated Lysis of Labeled SRBC 84 
Preparation of Spleen White Blood Cells 85 
Isolation on ficoll-hypaque 85 
Ammonium chloride lysis of red blood cells 86 
Cytotoxicity Test of Spleen White Blood Cells 87 
Anti-DNP Plaque Forming Cell Assay 88 
Column Fractionation of Serum for Plaque Assay 91 
Primary Cultures of White Blood Cells 99 
Viability determinations 104 
^H-thymidine incorporation 104 
Plaque forming cell development 105 
Miscellaneous Biochemicals IO6 
RESULTS 108 
Antigen IO8 
V 
Parameters of the Assay Methods Used 115 
T4 phage Inactivation assay for anti-DNP 115 
antibody 
Radioimmunoassay 123 
Reverse radial immunodiffusion 128 
Labeling of SRBC for anti-DNP plaque 132 
assay 
Plaque forming cell assay 140 
The Effect of Dose and Adjuvant on the Immune 155 
Response to DNP-HGG 
Antibody titers I55 
Antibody affinities I63 
Antibody isotypes 173 
In Vivo Genetic Control of the Immune Response 177 
The response of inbred strains of mice 177 
The response of congenic strains of mice 182 
Response of F1 hybrids I83 
Response of backcross generation mice 184 
Sex-linked effects on the response 205 
Recognition of the DNP-HGG Molecule by Inbred PO8 
Strains 
The Development of an In Vitro Culture System 220 
for DNP-HGG 
In Vitro Examination of the Immune Response 250 
The development of memory 250 
Viability of different inbred strains in 256 
culture 
Kinetics and organ localization of PFC's 256 
to DNP-HGG 
Recognition of the DNP-HGG molecule in 267 
vitro 
In vitro challenge with different antigens 281 
Incorporation by T and B cells 283 
The immune Response to DNP^^BGG 288 
Hormone Effects on the In Vitro Response 290 
vi 
The Effect of Various Proteins on the In Vitro 296 
Response 
The Immune Response of Allophenic Mice to 299 
DNP-HGG 
DISCUSSION 310 
SUMMARY 327 
REFERENCES 33I 
ACKNOWLEDGEMENTS 364 
vii 
LIST OF ABBREVIATIONS 
Ab Antibody 
ABC Antigen binding capacity 
ABC-- Serum dilution which gives 33% J J -8 
binding of a 10 M solution of 
^H-DNP-lysine 
Ag Antigen 
B cell Bursa or bursal equivalent derived 
lymphocyte 
BGG Bovine gamma globulin 
BOC Butyloxycarbonyl 
BSA Bovine serum albumin 
°C Degrees centigrade 
03 The third component of complement 
C3b A cleavage product of the third 
component of complement 
C3d A product of C3b cleavage 
cAMP Adenosine 3',5'-cyclic monophosphate 
CFA Complete Freund's adjuvant 
cGMP Guanosine 3',5'-cyclic monophosphate 
Ci Curie 
cm Centimeter 
Cm Centimorgan 
CM Carboxymethyl 
CML Cell-mediated lympholysis 
con A Coneanavalin A 
viii 
cpm Counts per minute 
CRL Lymphocyte with complement receptor 
CVF Cobra venom factor 
d Dalton 
DEAE Diethylaminoethyl 
DES Diethylstilbestrol 
dHgO Distilled water 
DNA Deoxyribonucleic acid 
DNBS 2,4-dinitrobenzene sulfonic acid 
DNP 2,4-dinitrophenol 
DNj - A 2,4-dinitrophenyl derivative 
DOC Deoxycholate 
DPBS Dulbecco's phosphate buffered saline 
DTH Delayed type hypersensitivity 
E. coli Escherichia coli 
EDTA Ethylenediaminetetraacetate 
Fab Immunoglobulin digest product which 
contains the antibody reactive sites 
Fc Crystallizable fraction resulting 
from the cleavage of the Ig molecule 
PCS Heat inactivated fetal calf serum 
FOG Fowl gamma globulin 
g Gram 
gal. Gallon 
GAT A random polymer of L-glutamic acid, 
D,L-alanine, and L-tyrosine 
ix 
GLA A random polymer of L-glutamic acid, 
L-lysine, and D,L-alanine 
GL0 A random polymer of L-glutamic acid, 
L-lysine, and L-phenylalanine 
GVH Graft vs^. host reaction 
H-2 Histocompatibility-2 complex 
Hb Hemoglobin 
hCG Human chorionic gonadotropin 
^H-DNP-lysine Phenyl-3.5-tritiated (N)- -dinitrophenyl-
L-lysine 
HEPES N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonate 
HGG Human gamma globulin 
HGG, Human gamma globulin purchased from 
Sigma Chemical Co. 
HGGp Human gamma globulin purchased from 
Miles Laboratories 
hHGG Heat aggregated human gamma globulin 
HI Heat inactivated 
HoS NcriTiSLl îiOjTgg SGruin 
hr. Hour 
HS Normal human serum 
HSA Human serum albumin 
^H-thymidine Methyl-tritiated-thymidine 
I I region of the major histocompatibility 
complex 
la I region associated surface antigens 
lA lodoacstamids 
X 
Ig Immunoglobulin 
i.p. Intraperitoneal 
IPFC Indirect plaque forming cell 
Ir Immune response 
i.V. Intravenous 
Ka Association constant 
KLH Keyhole limpet hemocyanin 
1 Liter 
LE Levan 
LPS Lipopolysaccharide 
Ly Lymphocyte differentiation antigen 
M Moles/liter 
mA Milliampere 
MBB Modified barbital buffer 
MBSA Methylated bovine serum albumin 
mCi Millicurie 
2-ME Mercaptoethanol 
mg Milligram 
MGG Mouse gamma globulin 
MHC Major histocompatibility complex 
ml Milliliter 
MLR Mixed lymphocyte reaction 
mm Millimeter 
mM Millimolar 
mmole Millimole 
M.W. Molecular weight 
xi 
N Normal 
ND Not done 
ng Nanogram 
NIP 2-nitro-^-iodo-phenyl 
nm Nanometer 
NMS Normal mouse serum 
no. Number 
NRS Normal rabbit serum 
OVA Ovalbumin 
PBS Sodium phosphate buffered saline 
PEC Peritoneal exudate cell 
PFC Plaque forming cell 
pfu Plaque forming unit 
pg Picogram 
PHA Phytohemagglutinin 
(Phe,G)-A--L Branched amino acid polymer poly(L-
phenylalanine, L-glutamic acid)-
^ T * r « T ^  ^ ^ ^ 1 ^  _ T n ^ i ^ 
— jLyjj—cta.exiij.iio y-xj-j.^oj.iio 
POL Polymerized Salmonella flagellin 
POPOP P-bis-(2-(5-phenyloxazolyl))-benzene 
PPO 2,5-diphenyloxazole 
PVP Polyvinylpyrrolidone 
PWM Pokeweed mitogen 
rbc Red blood cell 
RGG Rabbit gamma globulin 
RIA Radioimmunoassay 
RNA Ribonucleic acid 
xii 
rRNA Ribosomal ribonucleic acid 
rpm Revolutions per minute 
SIII Staphlococcal polysaccharide 
Sat. Saturated 
SC Salt cut 
S.D. Standard deviation 
SDS Sodium dodecyl sulfate 
SEM Standard error of the mean 
S.I. Stimulation index 
soin. Solution 
SRBC Sheep red "blood cells 
SWBC Spleen white blood cells 
t4i T4 phage inactivation 
T cell Thymus derived lymphocyte 
TEMED N,N,N',N'-tetramethylethylenediamine 
(T,G)-A—L Branched amino acid polymer poly(L-
tyrosine, L-glutamic acid)-poly-DL-
alaniiie —p oly-L-lys iu6 
(T-A-G-Gly) Linear amino acid polymer of repeating 
units of L-tyrosine-D,L-alanine 
L-glutamic acid-glycine 
(T,G)-Pro—L Branched amino acid polymer poly(L-
tyrosine, L-glutamic acid)-poly-L-
proline —poly-L-lys ine 
Thy Thymocyte antigen 
TL Thymus leukemia antigen gene locus 
Tla Thymus leukemia antigen 
TNP 2,4,6-trlnitrophenyl 
xiii 
pCi Microcurie 
pg Microgram 
jal Microliter 
V Volts 
v/v Volume/volume 
w/v Weight/volume 
w/w Weight/weight 
6- The ta antigen 
yO Density 
1 
INTRODUCTION 
The Cells of the Immune System 
The generation of both cellular and humoral immunity 
revolves around the processing of antigen by three cell 
types : the macrophage, the thymus derived lymphocyte 
(T cell), and the bursa or bone marrow derived lympho­
cyte (B cell). Cell mediated immunity, which can be 
passively transferred by cells but not serum, includes 
graft rejection, graft vs_. host disease (GVH), delayed-
type hypersensitivity (DTH), and cell mediated cytotoxicity 
reactions. Humoral immunity, which can be passively 
transferred by serum, is characterized by the presence 
of antigen specific immunoglobulins in the serum. 
Specific immune responses are found in invertebrates 
as well as vertebrates. Invertebrate immunity is centered 
arOunu the actions of phagocytic cells. with the appear­
ance of vertebrates came the simultaneous appearance of 
active lymphocyte populations (Greaves ejt al. 1973) • 
These cells are found even in the most primitive of 
vertebrates. 
Lymphocytes constitute a dynamic population of cells 
which are defined as a group solely by morphological 
criteria (Weiss 1972). Studies of lymphocyte involve­
ment in immune responses revealed that immunologically 
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competent lymphocytes are not a homogeneous population. 
Instead, there appear to be two distinct populations 
with different functions and properties. The discovery 
of this dichotomy (Glick et 1956, Claman e_t al. 1966) 
has greatly aided the elucidation of the basis of cellular 
and humoral immunity. It is now known that B cells, 
along with macrophages in certain cases, are the main 
effectors of humoral immunity, requiring interaction 
with T cells and macrophages in certain instances. 
The separation of these two populations is usually 
based on differing biochemical and surface characteristics, 
since T cells and B cells are indistinguishable on the 
basis of microscopy. They have also been separated by 
density, size, adherence properties, migration in an 
electric field, and radiation sensitivity (Greaves et al. 
1973)• The location of these two cell populations in 
different Ijmiphoid organs of mice is listed in tablA 1 , 
Table 1. The contribution of T and B lymphocytes to the 
lymphocyte population of various murine lymphoid 
organs (based on Greaves et al. 1973» page 77). 
Organ T cells (range) % B cells (range) 
Spleen 
Lymph Node 
Thymus 
Peripheral Blood 
Bone Marrow 
Peyer's Patches 
25 - 45 
55 - 80 
95 - 100 
60 - 85 
0 - 1  
20 - 40 
25 - 65 
10 - 35 
0 - 1  
10 - 40 
25 - 45 
60 -  75 
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B cells 
The term B cell derives from the maturation of these 
cells in the Bursa of Fabricius in birds (Cooper ejt aJi. 
1966). No mammalian bursal equivalent has been defined. 
Fetal liver and bone marrow are known sources of stem 
cells which can mature into B cells. Bone marrow and 
intestinal lymphoid tissue have been suggested as the 
site of maturation, with the bone marrow favored by most 
investigators (Greaves ej^ al. 1973) • When properly 
stimulated, mature B cells possess the capacity to 
develop into antibody secreting plasma cells. 
Characteristics The main distinguishing 
characteristic of B cells is their high surface concentra­
tion of immunoglobulin. The density has been estimated 
Ll < 
to be 10 to 10-^ molecules per cell (Rabellino et al. 
1972). As discussed later, these receptors are important 
in the antigen specific activation of B ccllc. Murine 
B cells can also be characterized by the mouse-specific 
B lymphocyte antigen (MBLA) (Raff et al, 1971)- This 
surface antigen is species specific and is present on 
bone marrow and peripheral B cells, plasma cells, 
myeloma cells and some leukemic cells, but not on 
thymocytes or T cells. 
B cells of most species also possess receptors for 
C3b, a cleavage product of the third component of 
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complement (Greaves et aJ. 1973)• To a lesser extent, 
these cells also bind C^d, a product of C3b cleavage 
(Ross e;t al. 1973). It has been suggested that this 
receptor functions in antigen specific localization in 
lymphoid follicles or in cell surface triggering or 
tolerizing events (Pepys 1972). 
Mouse lymphocytes have also been shown to bind 
antigen-antibody complexes (Uhr and phillips I966) and 
aggregated immunoglobulin (Brown et al. 1970). This 
binding occurs in the absence of complement and is 
specific for the Fc portion of the immunoglobulin 
molecule (Basten et a2. 1972a), so they are called Fc 
receptors. The antibody can be readily eluted from the 
cells by washing prior to antigen exposure, but binding 
is stabilized through binding of antigen to the immuno­
globulin. These receptors are not immunoglobulin in 
nature 8.nu ub.vô a, marked prGfûrGnoê for IgGl aiitiuouy 
(Basten et al. 1972b). The receptors are most likely 
phospholipoprotein (Warner and McKenzie 1977), and are 
either identical to, or closely associated with, 
alloantigens controlled by the I region of the major 
histocompatibility complex (MHC) (Basten et aJ. 1975)* 
They have also been linked to the products of the HLA 
complex in humans (Curry e;b al. 1976). All resting B 
cells have Fc receptors which decrease in density when 
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the B cells differentiate to plasma cells (McKenzie 
et al. 1976). The receptor may have a role in antigen 
trapping. 
B cells possess H-2 and la determinants on their 
surface (Abbas ejt al. 1976, David et 1976), as well 
as the Ly 4 and Ly 6 alloantigens (Hobart and McConnell 
1975i Kessler ejt a2. 1978). These cells are more sensitive 
to radiation than T cells and do not extensively re­
circulate (Greaves e_t aJ. 1973). Subpopulations of B 
cells have been postulated based on their weak reactivity 
with anti-theta antisera (Roelants et al. 1975) or to 
their response to T-dependent and T-independent antigens 
(Jennings and Rittenberg 1976). 
As mentioned earlier, the antigen binding receptor 
appears to be immunoglobulin (Ig) molecules on the B cell 
surface. 7-8S IgM is found to be the dominating class 
extractable from the membranes of normal B cells 
(Marchaionis et al. 1972), although IgG can also function 
as the antigen binding receptor (Davie et al. 1974). 
IgD has also been implicated in antigen reception by 
its presence on the surface of B cells (Goodman ejt al. 
1975). Strober (1978) has presented evidence that IgD 
reception leads to the development of B memory cells, 
whereas reception by IgM, IgG, or IgA leads to plasma 
cells. Whatever the class of receptor, the specificity 
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and the heavy and light chain class are the same as 
the antibody potentially secreted by the cell (Walters 
and Wigzell 1970). 
Activation B cells have the capacity to be 
nonspecifically activated by substances such as pokeweed 
mitogen (PWM), bacterial lipopolysaccharide (LPS), 
staphlococcal enterotoxin B, polymerized flagellin (POL), 
and anti-immunoglobulin antisera (Greaves ejt 1973, 
Hobart and McConnell 1975)- These materials are normally 
used in studies of B cell activation, since antigen-
induced activation is very specific and will stimulate 
fewer than 1?5 of an unprimed lymphocyte population 
(Ada 1970). 
There is some controversy over the number of distinct 
signals required for B cell activation. An antigen 
supplied one signal model is supported by the actions 
molecules have special structural features which may allow 
them to supply two signals: one to the antigen receptor 
and one to the complement receptor (Dukor and Hartmann 
1973), A two signal model is supported by the numerous 
descriptions of T-dependent antigens which require 
both antigen recognition by B cells and an additional 
factor which is supplied by T cells (Greaves et al. 1973). 
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Whatever the mode of activation, lymphocytes show 
characteristics typical of activated cells (Thaler e;t al. 
1977)• These include progressive cell enlargement, 
chromatin condensation, nucleolus development, polysome 
development, lysosomal development and expansion of the 
Golgi apparatus. Biochemically, there is an increase in 
potassium and calcium influx, an increase in the uptake 
of nucleosides, amino acids and sugars, an increase in 
the amount of RNA present, an increase in protein 
synthesis, a decrease in the rate of rRNA degradation, an 
increase in the rate of histone acetylation, an increase 
in phosphorylation of nuclear proteins and changes in 
the metabolism of phospholipids and glycoproteins 
(Thaler et a2. 1977). 
There are a dramatic series of events which accompany 
antigen binding (or activation by anti-immunoglobulin 
o " f  1  c s o v » Q  ^  r p V t C k O O  - n o i  c r  / ^ o ' n ' n n v \ c r  a n r i  
internalization, and describe the motion of receptors in 
the cell membrane (Taylor ejb al. 1971). Patching is a 
rapid process that results from the bridging of two or 
more receptors on the cell surface by the bound molecule. 
The one basic requirement is that the bound molecule be 
at least divalent. The process is energy independent with 
the rate depending on membrane fluidity. Capping, on the 
other hand, is an energy dependent process and describes 
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the movement of the scattered patches toward the Golgi 
pole of the cell. The process is also dependent on 
membrane fluidity. Microfilaments and microtubules 
have been implicated as active components of this 
process (Edelman ejt a2. 1973» dePetris 1975) • lonophores 
for calcium have produced results indicative of micro­
tubule inhibition, even though extracellular calcium 
is not normally a necessary component of activation 
(Schreiner and Unanue 1976). This effect is probably 
due to an artificial accumulation of calcium within the 
cell, creating conditions which favor microtubule 
depolymerization (Poste and Nicolson 1976). 
Following capping, the cell can internalize the 
polarized aggregate of receptors (Taylor ejb al. 1971)» 
If these cells are washed and placed in culture, the 
surface Ig will reappear (Loor et a2. 1972). This process 
alone does not cause cell activation, however, since 
concanavalin A (con A) can cap B cells but not activate 
them (Greaves and Janossy 1972). Interestingly, 
insolubilization of con A on plastic dishes allows it to 
acquire the capacity to activate B cells (Andersson et al. 
1972). However, inhibition of internalization alone 
does not effect activation (Greaves and Janossy 1972). 
A recent theory of B cell triggering involves the 
actions of surface IgD. IgM and IgD are the predominant 
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isotypes present on the surface of B cells (Asofsky and 
Vitetta 1977). The IgD^ cells have been shown to be 
important in the development of primary, but not secondary 
immune responses and the removal of surface IgD by 
treatment with papain makes the cells very susceptible 
to tolerance induction by T-dependent antigens (Asofsky 
and Vitetta 1977). Such studies indicate that IgD 
does not transmit tolerogenic signals and may be 
important in the generation of primary responses. 
Although the true biological mechanism of B cell 
triggering remains unknown, the major consequence of 
B cell activation is the synthesis of Ig molecules. 
Depending on the stage of development, Ig production 
may comprise anywhere from 5% to of the total 
protein synthesized (Melchers and Andersson 1973). 
A fully differentiated B cell, termed a plasma cell, 
is responsible for the bulk of Ig synthesiR, 
T cells 
As mentioned above, the designation T cell derives 
from the maturation of these cells in the thymus of 
both avians and mammals. In mice, the T cell precursors 
enter the thymic anlage from the fetal liver on about 
the 11th day of gestation (Mandel 1977). These stem 
cells do not appear to be committed until they enter the 
thymus (Greaves e;t al. 1973), 
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The differentiation of the stem cells in the thymus 
is accompanied by changes in the cell surface antigens and 
in cortisone and radiation sensitivity (Greaves et al. 
1973» Potter 1976). These cells develop from H-2^ 
stem cells to immature thymocytes which are rich in 
surface H-2, theta, thymus leukemia (Tla), and lymphocyte 
(Ly) antigens and are sensitive to cortisone and 
radiation. The surface markers are discussed in more 
detail later. As these cells mature, they progress from 
the cortex to the medulla or the thymus and lose their 
surface Tla antigen, some of the theta antigen, and some 
of the sensitivity to cortisone and radiation. The 
mature cells migrate to the peripheral lymphoid organs. 
Characteristics T cells are normally character­
ized by the presence of the theta (Thy) antigen. This 
mav'Tf or" wafS Vvtr Roif anrt Allan /1 oA 9 \ -a to H 
is found on thymocytes, nervous tissue and a proportion of 
murine leukemias. It is determined by a single locus with 
two known alleles (Thy 1.1 and Thy 1.2). Another marker 
for T cells in mice is the Ly series of antigens. Most 
of these specificities (Ly 1,2,3,5,6) are found in high 
concentrations on thymocytes and in lesser amounts on 
peripheral T cells (Greaves e^ al. 1973). The Ly 4 and 6 
specificities are found on B cells. The 1, 2 and 3 
11 
specificities have been widely used as markers for T cell 
subpopulations, 
The thymus leukemia (TL) antigen is expressed only 
on 80-95?^ of the thymocytes of some mouse strains. It is 
also found on a proportion of leukemias of all strains 
(Boyse and Old 1969). The antigen is coded for by the 
Tla locus, which is linked to the D end of the H-2 
c omplex. 
la antigens, formerly thought to exist on only B 
cells, have been identified in very small amounts on 
thymocytes (Schwartz ejt a^. 1977) • David ejb al. (1976) 
have found significant increases in the amount of surface 
la antigens upon activation of T cells by Con A. 
Characteristically, T cells have never been found to 
secrete antibody (Greaves et a2. 1973). They also 
compose a great deal of the recirculating lymphocytes in 
the body. Typically, 80-90# of the thoracic duct 
lymphocytes are T cells (Greaves et al. 1973). 
As mentioned, T cell subpopulations have been 
identified, and are usually characterized by their Ly 
phenotype. Other markers used include the presence or 
absence of la determinants, histamine receptors and Fc 
receptors (Stout ejt a2. 1976, Vadas ejb al, 1976, Okumura 
et al. 1977» Taniguchi and Miller 1977» Warner and 
McKenzie 1977, Tada ejt a2. 1978a). A summary of the surface 
characteristics and the functions associated with the 
12 
various surpopulations identified appears in figure 1. 
Some of the functions will be discussed later. The Fc 
receptor on T cells has a lower avidity than that found 
on B cells (Warner and McKenzie 1977). Subpopulations 
have also been identified based on the density of surface 
Thy antigen, the ability to bind lectins, radiation 
sensitivity, and location (Stobo 1977). 
The nature of the T cell receptor for antigen has 
been a point of controversy for a number of years. 
Recently, a number of studies have converged on the 
idea that the T cell receptor is a form of immuno­
globulin. It has been shown that T cells have five 
times less receptor than B cells (Hâmmerling and McDevitt 
1974). Krammer and Eichmann (1977) found that T cell 
receptor idiotype is controlled by genes in the heavy 
chain linkage group and the MHC of mice. Kappa chain 
ueterrfiinaritb have recently been demonstrated on murine 
T cells (Szenberg ^  aJ. 1977). Krawinkel et al. (1977) 
have reported idiotype markers of the heavy chain variable 
region but lack of class specific immunoglobulin 
determinants. Moseley et al. (1978) have found heavy 
chains similar to, but distinguishable from, mp chains 
along with light chains very similar to kappa chains 
in an immunoglobulin isolated from a cultured BALB/C 
T lymphoma. One possible model for the Ig-like T cell 
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H-2 = determinants coded by the K and D ends of the histocompatibility-2 complex 
ly = lymphocyte antigens 
la = cell surface determinants coded for by the I region of the MHC 
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Figure 1. Subpopulations of T cells identified by the presence of cell 
surface markers. Based on Stout et a2. 1976, Vadas ejt a2. 1976 
Okumura et al. 1977, Taniguchi and Miller 1977» Warner and 
McKenzie 1977. and. Tada et al. 1978a. 
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receptor is shown in figure 2. 
Activation T cell activation, as B cell 
activation, has been studied using mitogens. T cells 
can be non-specifically activated by phytohemagglutinin 
(PHA), con A, PWM and staplococcal enterotoxin B 
(Greaves ejb 1973). Baroni ejt (1976) have also 
reported activation of T cells by LPS. Mitogenic 
activation of T cells often requires the presence of 
macrophages (Rosenstreich et a2. 1976). 
T cells demonstrate the same activation phenomena 
shown by B cells, but with little rough endoplasmic 
reticulum development (Thaler et 1977). T cell 
activation by mitogens does not result in immunoglobulin 
synthesis, but does result in the release of various 
soluble mediators (Greaves ejt 1973) • 
The surface phenomena associated with lymphocyte 
activation (i^e. patching, capping and internalization) 
have been studied mainly in B cells, although they have 
also been shown to occur in T cells (Ashman and Raff 1973)' 
T cell activation by mitogens has been used widely in 
biochemical studies of lymphocyte activation. Studies 
have focused on changes in potassium concentrations, 
calcium concentrations and cyclic nucleotide concentrations. 
All have been studied as possible secondary messengers 
of surface events resulting in cell activation. 
Light Chain (Vj^ Idiotype) 
Heavy Chain (V^ Idiotype) 
Heavy Chain (V^ Idiotype) 
Light Chain (V^ Idiotype) 
Heavy Chain M.W. about 70,000d (Not mfi, gamma, delta, alpha or epsilon) 
H-L interaction is noncovalent 
S 
S 
Figure 2. One possible model for the Ig-like T cell receptor (based on 
Cone and Janeway 1977)-
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The activated cells experience an influx of potassium 
ions, but Negendank and Collier (1976) report that this is 
a result of changes in the physical state of the cell and 
is not a specific triggering mechanism. Calcium has been 
suggested as the secondary messenger based on the require­
ment for calcium in PHA stimulation and the activation of 
T cells by calcium ionophores (Thaler e^ al. 1977). 
Greene ejt §2. (1976) have found that the activation is not 
dependent on extracellular calcium, since reactions can 
occur in calcium free medium. They suggest that altera­
tions in intracellular calcium distribution may result in 
activation. 
The results of studies on cAMP and cGMP levels in 
activated cells have resulted in conflicting reports. 
Addition of cAMP, as well as substances which increase 
cAMP levels, generally inhibits immune responses (Thaler 
et al. 1977); Hov/sver, Byus et al. (1977) have found that 
low cAMP levels activate type I cAMP-dependent protein 
kinase, a positive influence, whereas higher levels of 
cAMP result in activation of type II cAMP-dependent 
protein kinase, representing a negative influence. 
Watson (1976) has confirmed the increase in cAMP levels 
upon stimulation with PHA. 
Coffey ejt §2. (1977) studied cGMP levels in human 
peripheral lymphocytes activated by PHA and Con A. They 
found a calcium dependent increase in cGMP levels within 
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ten minutes of stimulation. On the other hand, Watson 
(1976) found that exogenous cGI^tP did not stimulate DNA 
synthesis in T cells. 
In general, T cells appear to be a more heterogenous 
population than B cells. Their development appears to be 
directed toward the generation of cells involved in the 
amplification and regulation of immune responses. Their 
activation appears to be similar to that described for 
cells in general although surface phenomena are not well 
defined. 
Macrophages 
The macrophage is the first cell to appear 
phylogenetically which is devoted primarily to defense 
against microbial invasion (Greaves et al. 1973). 
Newborn mammals do not possess macrophages and it has 
been suggested that this may account for the immunological 
immaturity of newborns (Argyris 1974). It is considered 
likely that macrophages are a functionally heterogenous 
population. The difficulty in such studies revolves 
around an exact definition of these cells. Macrophages 
and their precursors often have the same general 
morphology as lymphocytes (Greaves et al. 1973). 
Macrophages can be generated by the division of 
preexisting macrophages or by the differentiation of 
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blood monocytes (Weiss 1972). In the latter circumstance, 
promonocytes in the bone marrow differentiate into blood 
monocytes which can become macrophages of various forms 
including liver Kupffer cells, connective tissue histio­
cytes, lung alveolar macrophages, bone osteoclasts, free 
and fixed spleen and lymph node macrophages and peritoneal 
macrophages (Fischer 1976). 
Characteristics Macrophages are most often 
characterized by their ability to adhere to glass and 
their high phagocytic ability. In fact, macrophages can 
engulf a volume greater than their starting volume (Weiss 
1972). They have a high content of lysosomes and 
lysosomal enzymes are often used as markers for these 
cells. Surface markers for these cells include receptors 
for complement and for the Fc fragment of immunoglobulin 
(Greaves et 1973)• Unlike the lymphocyte receptor, 
the Fc receptor on macrophages requires divalent cations, 
has a high affinity, and preferentially binds IgG2a (Greaves 
et aJ. 1973). The complement receptor appears to stabilize 
the attachment of cytophilic IgG to the macrophage (Thaler 
et al. 1977). Walker (1977) found in an established line 
of mouse peritoneal macrophages that IgG2a antibody 
binding mediated phagocytosis, whereas IgG2b antibody 
binding mediated cytolysis. 
There is no apparent clonal specificity exhibited 
by these cells, making them relatively nonspecific in 
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their dealings with antigen (Greaves et a2. 1973). 
Nevertheless, these cells appear to play an essential 
role in antibody production especially to particulate 
antigens. An la positive macrophage population has been 
identified as required for the development of primary 
in vitro antibody responses (Niederhuber et al. 1978). 
30-7095 of human macrophages have been found to be la 
positive (Albrechtsen 1977). 
Localization of Antigen 
The lymphoreticular system shows a high degree of 
organization and compartmentalization. The structure of 
the system has been formed in response to evolutionary 
pressures to respond rapidly to invading microbes. Very 
little is known about the influence of anatomic location 
on the outcome of the interactions among T cells, B cells, 
macrophages and antigen in the peripheral lymphoid tissues 
(Mitchell 1977)' Variations in the pattern of response 
result from differences in species, antigen, dose, 
adjuvant and route of administration (Weiss 1972). 
Many invading organisms pass through the lymph nodes 
of the animal in their primary encounter with the immune 
system. A great deal of study has revolved around lymph 
node trapping of antigen. Lance and Frost (1974) have 
identified different antigen classes based on their 
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capacity to initiate antigen and cell trapping in lymph 
nodes of virgin animals. Antigens which initiate trapping 
include sheep red blood cells (SRBC), Salmonella H antigen, 
skin allografts, tumors, keyhole limpet hemocyanin (KLH), 
pneumococcal polysaccharide and generally all particulate 
antigens. Antigens which do not initiate trapping are 
soluble in nature and include bovine serum albumin (BSA), 
bovine gamma globulin (BGG), tetanus toxoid, and dinitro-
phenylated polylysine. 
Particulate antigen 
The pattern of response in lymph nodes to particulate 
antigens has become relatively well-defined. The lymph 
node has considerable filtration capacity, as demonstrated 
by the removal of 99% of a perfusion of a streptococcal 
preparation by dog popliteal lymph nodes ( Weiss 
1972). For about 24 hours after antigen arrival, the 
ll,Tr.phocyte output falls dramatically (Bell 1978). During 
shutdown, the flow of lymph fluid is not reduced, but in 
fact usually increases (Hall 1974). There is a pronounced 
inhibition of lymphocyte release with no effect on their 
entry (Zatz and Lance 1971) .  
There is a rapid disappearance of cells capable of 
reacting to the antigen from the recirculating pool (Sprent 
and Miller 1973). These cells appear to become specifically 
localized in the lymph node where the antigen has localized. 
Considerable evidence indicates that the cells enter the 
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lymph node at random and that specific retention takes 
place within the node as lymphocytes percolate past the 
antigen (Ford 1975) •  
Antigen appears to be first taken up by macrophages 
which line the subcapsular and medullary sinuses (Weiss 
1972). At least in certain systems, this processing of 
antigen appears to be a necessary preliminary to antibody 
production. Nossal ejt al. (1966) examined the distribution 
of labeled flagellin within the lymph node. The red pulp 
and the marginal zones are immediately flooded with antigen, 
with some ingestion by macrophages. Other antigen attaches 
to the dendritic processes of reticular cells (Weiss 1972) .  
This latter attachment appears to be antibody dependent, 
persists for several weeks and may be due to the adherence 
of antigen as an immune complex to Pc or C3 receptors on 
these cells (Ada e_t al. 1967)* The antigen appears to 
concentrate in the marginal zone and then move into Lhe 
white pulp among the lymphocytes at the edge of the 
germinal center (Nossal et al. I966). Embling e^t al. 
(1978) have found that the only structural requirement for 
germinal localization of Ig aggregates is the ability to 
fix complement. The aggregates appear to be transported 
to the germinal centers by membrane C3 receptors on mobile 
cells. The aggregates are then released with the coupled 
loss of complement and become fixed to reticular cells by 
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an alternate mechanism. By 24 to 48 hours, the germinal 
center is the only location where antigen persists (Nossal 
et al. 1966). 
The response to antigen is usually seen first in the 
thymus-dependent areas (red pulp) where T cells differ­
entiate into T-blast cells. Proliferation is later seen 
in the B-dependent areas (germinal centers) (Hobart and 
McConnell 1.975) • The germinal centers have been suggested 
as the site of proliferation of B memory cells based on 
their ability to transfer memory after immunization 
(Thorbecke et aJ., 1974). 
Memory cell development appears to be an important 
aspect of cell interactions in this phase of the response. 
Klaus and Humphrey (1977) and Klaus (1978) have found that 
development of B memory cells is heavily dependent on C3 
dependent localization of antigen in the lymphoid 
follicles. 
The first wave of cells released from the node after 
24 to 48 hours are small lymphocytes almost entirely 
recruited from the blood. The second wave contains up 
to 20^ blast cells which have been produced ^  novo in 
the node (Hobart and McConnell I975). This efferent flow 
from the node is necessary for the establishment of 
systemic humoral responses (Hall et. al. I967). The 
population has been shown to contain both antibody secreting 
B-blasts and T-blasts. If these cells are collected and 
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discarded, no memory results (Bell 1978). This popula­
tion does not appear to recirculate. No more than % of 
these efferent cells reenter the node after entering the 
bloodstream, instead tending to home in secondary lymphoid 
tissues remote from the primary site (Greaves et al. 
1973» Hall 197^). This effectively places reactive 
cells at numerous sites for secondary challenge. 
Soluble antigen 
The situation appears to be different with soluble 
antigens, which are not trapped in the lymph nodes. In 
mice, these soluble antigens are poorly phagocytosed 
and are relatively inefficient in causing lymphocyte 
trapping in lymph nodes (Hall 1974). These antigens do 
cause an almost immediate shutdown of lymphocyte 
release in the nodes, but the bulk of the antigen 
passes through the node without being phagocytosed and 
provoking little cell proliferation and antibody 
formation (Hall 1974). This is in direct contrast to 
the situation with particulate antigens where there is 
a slower shutdown and greater antigen retention. 
Soluble antigens which pass the nodes initiate the 
appearance of clusters of blast cells in the splenic 
cords after two to three days (Weiss 1972). The spleen 
acts as a large filtering apparatus for the blood stream 
and contains macrophages, antigen reactive cells and 
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plasma cells. It supports cell interactions and 
permits lymphocyte recirculation. Once the spleen 
traps antigen, it tends to undergo reactions characterized 
above for the lymph nodes (Nossal ejt a±. 1966). The 
response occurs first in the periarterial lymphatic 
sheath (predominantly T cell area) and then in the 
germinal centers (predominantly B cell areas). Variations 
in the sequence can occur with different antigens 
(Weiss 1972). 
Positive Effects on Antibody Responses 
T-independent antigens 
The antigens which appear to require the least 
amount of cell cooperation to generate a humoral response 
are the T-independent antigens. Actually, these antigens 
are both T cell and macrophage independent (Desaymard 
<9 ^ n vH ««s H \ ciiiu. r c-Lu,iiicLAiii x y c j j »  
These antigens include type 3 pneumococcal 
polysaccharide (SIII), bacterial levan (LE), polymerized 
Salmonella flagellin (POL), E, coli lipopolysaccharide 
(LPS), ficoll, polyvinylpyrrolidone (PVP) and various 
dinitrophenylated derivatives of these compounds (Greaves 
et al. 1973, Feldmann 1977). These antigens all have 
the similar characteristics of high molecular weight, 
repeating structure (restricted epitope heterogeneity), 
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and slow degradation in the body. 
The use of T-independent antigens produces humoral 
responses almost exclusively (Thaler ejt a2. 1977). Mice 
generally produce IgM, with insignificant amounts of IgG 
antibody produced,in response to T-independent antigens 
(Barthold et al. 1974). However, Sharon et al. (1975) 
have recently found that DNP-ficoll administration to 
nude mice can yield significant amounts of IgG2 class 
plaque forming cells. 
The response to T-independent antigens is strongly 
dose dependent, with supraoptimal doses resulting in 
paralysis (Klaus and Humphrey 1974). There have been 
numerous reports of the failure of T-independent antigens 
to produce immunological memory (Del Guercio et al. 1974, 
Sharon et al. 1975» Braley-Mullen 1978). These antigens 
also do not induce suppressor cells (Braley-Mullen 1978). 
It has been suggested that the response to DNP conjugates 
of T-independent antigens requires B-B cell cooperation 
(Del Guercio and Leuchars 1972), but later experiments 
show no evidence for this type of cell cooperation (Klaus 
and Humphrey 1974, Desaymard and Feldmann 1975). 
T-dependent antigens 
T-B cell cooperation The original experiments of 
Claman e^ al. (I966) which demonstrated the synergy of 
thymus and bone marrow cells in the humoral response to 
SRBC in mice opened up the study of the interactions of 
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these two cell types. The field of study has considerably 
widened since the original experiments and it is now 
known that T-dependent antigens require interaction with 
macrophages as well (Feldmann 1977). Studies revolve 
around the use of hapten-carrier conjugates and synthetic 
amino acid polymers. 
The use of hapten-carrier molecules led to the 
widely accepted idea that B cells recognize the hapten 
determinants, while T cells recognize the carrier deter­
minants. This is not a clear division since hapten 
reactive T cells have also been demonstrated (Rubin e_t al. 
1973, Rubin and Wigzell 1973). Nevertheless, secondary 
responses to these conjugates require the presence of both 
hapten-primed B cells and carrier-primed T cells (Greaves 
et al. 1973). This synergistic cooperation can also be 
demonstrated for protein subunits and separate determinants 
on erythrocytes. The carrier effect is, in a sense, the 
enhancement of Immunity to one determinant by the response 
to another determinant on the same multideterminant 
molecule. 
The use of a double chamber version of the Marbrooke 
culture system by Feldmann and Basten (1972) demonstrated 
that this T-B cell cooperation could be mediated by 
soluble factors released by T cells. The segregation of 
T cells and B cells in lymphoid tissues argues for the in 
vivo effect of these soluble T cell factors over direct 
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cell interaction (Weiss 1972). These soluble factors have 
been identified in the supernates of numerous antigen 
stimulated T cell cultures. The factors fall into two 
broad categories : nonspecific helper factors and antigen 
specific helper factors. 
The nonspecific factors of T cell origin behave like 
polyclonal B cell activators. Investigations have 
centered around factors produced by Con A stimulated T 
cell cultures or by allogeneic mixtures of T cells. The 
Con A nonspecific factor (NSF) can replace T cells in the 
response of spleen cells from nude mice to erythrocyte 
antigens (Waldmann e^ aJ. 1976). The factor is capable 
of cooperating across histocompatibility barriers and does 
not have any H-2 associated determinants present on it 
(Waldmann et a2. 1976). It was originally found to have 
a molecular weight of about 35»OOOd (Waldmann and Munro 
1974), but recently has been found to be a mixture of 
proteins with molecular weights of 4^,000d, 35-30,OOOd, 
and 25i000d (Hubner et al. 1978). NSF is a glycoprotein 
and may be related to T cell produced lymphokines (Hûbner 
et al. 1978). NSF can replace T cells in the response to 
particulate, but not soluble, T-dependent antigens 
(Waldmann 1975) •  
The other nonspecific factor, produced by allogeneic 
cell mixtures, has been termed the allogeneic effect 
factor (AEF). AEF was first detected in cultures 
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containing histoincompatible T cells (Schimp1 and Wecker 
1972). It has since been defined as a glycoprotein which 
carries la specificities associated noncovalently with a 
betag-microglobulin like moiety (Armerding and Katz 1975)• 
Antigen specific factors stimulate only B cells which 
exhibit specificity for a particular antigen. These 
factors have been demonstrated for (T,G)-A--L (Munro and 
Taussig 1975)1 (Phe,G)-A—L (Taussig et aJ. 1975), KLH 
(Feldmann 1977), and (T,G)-Pro--L (Isac et al. 1977)' 
These factors appear to fall into two general categories. 
The first category is the igT molecules described by 
Feldmann (1978). This active T cell product does not 
cooperate across histocompatibility barriers, can be 
inactivated by anti-kappa or anti-mu antisera and has 
a molecular weight of about 150,000d (Feldmann 1978). 
The other category of T cell antigen specific factors 
can act across histocompatibility barriers, arc 
glycoproteins of molecular weight about 50,000d, bind 
antigen, do not express class specific Ig determinants 
and express I region determinants (Munro and Taussig 
1975). It also appears that in the latter category 
there is also an I_ region coded acceptor molecule on 
the B cell which is necessary for the proper reception 
of the antigen specific factor (Mozes et 1975, Taussig 
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et al. 1975» Isac et al. 1977)• 
The cellular basis of the actions of the antigen 
specific and nonspecific factors may lie in two sub-
populations of T cells (Tada ejt a2. 1978a). The data of 
Rosenberg (1978) support this conclusion. It now 
appears that activation of B cells in response to antigen 
results from the synergistic actions of a population of 
Ia~ T cells which secrete an antigen specific factor, and 
la"*" T cells which secrete a nonspecific polyclonal B cell 
activator in response to T-dependent antigen (Tada ejt a2. 
1978a). This latter cell population may be the cell set 
activated by the administration of adjuvants. 
Whatever the mechanism of T-B cell cooperation, the 
results are the amplification of antibody secretion by 
antigen specific B cells. Production of IgGl and IgE 
antibody appears to be highly dependent on this cooperation 
(Mitchell 1977), whereas IgG2, IgA and IgM antibody 
production is less dependent (Greaves et al. 1973» Sharon 
et al. 1975)» T cells also appear to influence the 
affinity of the antibody produced, possibly through 
selection at the B cell level (Gershon and Paul 1971). 
Macrophage-lymphocyte interaction Macrophages 
have been found to be active at two points in antibody 
induction: one before T cell activation, and one after 
T cell activation and before B cell activation. The role 
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of macrophages in the activation of T helper cells has 
been demonstrated in both guinea pigs and mice (Feldmann 
1978, Rosenthal et al. 1978). Different events can occur 
depending on the type of antigen and the degree of cell 
contact. 
In the mouse, particulate antigens with macrophages 
from any strain can activate unprimed T cells. Mercapto-
ethanol can partially replace the macrophages (Feldmann 
1978). Erb et al. (1977) have reported that cooperation 
occurs through the interaction of a nonspecific macrophage 
factor and particulate antigen with antigen-specific 
T cells. 
The situation with soluble antigens is a bit more 
complex. With these antigens, syngeneic or semisyngeneic 
macrophages are required, along with antigen, to activate 
T cells (Erb and Feldmann 1975 )• Cell contact does not 
appear to be required, with a 50,000d protein secreted 
by macrophages being able to substitute (Erb ejt al. 1976). 
The factor contains la determinants and a fragment of 
the antigen (Erb ejt aJ. 1976). The presence of la 
determinants has been confirmed by Allen et al. (1978), 
Dickler ejt a2. (1978) and Niederhuber ejfc al. (1978). The 
factor appears to activate two different T cell subsets. 
Short-lived T cells are first activated which subsequently 
activate long-lived T cells which become the actual 
31 
helper cells (Erb e_t al. 1977). Particulate antigens, 
along with the nonspecific factor, directly activate the 
long-lived T cells (Erb ejt a2. 1977). 
The genetically related macrophage factor (GRF), 
produced with soluble antigens, binds to receptors 
present on thymocytes and T cells but not on B cells, 
macrophages or fibroblasts (Erb et al. 1977). The 
receptor is controlled by genes which map in the I 
region. There are therefore two I region products 
required: one associated with antigen and secreted by 
macrophages, and the other found on the T cell surface 
which is necessary for the reception of the GRF. I-J 
subregion specific antisera have been shown to block 
macrophage-T cell cooperation (Dickler ejt a2. 1978, 
Niederhuber et a2. 1978). 
Studies in the guinea pig have shown that direct 
interaction between macrophage and T cell is much more 
effective than soluble mediators (Rosenthal et al. 1978). 
However, mediation by soluble factors containing antigen 
determinants has also been shown (Unanue and Calderon 1975). 
The T cells appear to initially recognize antigen together 
with MHC membrane components on the guinea pig macrophage 
surface (Shevach and Rosenthal 1973). A direct physical 
interaction of antigen-bearing macrophages and lymphocyte 
must occur for recognition of the associative form of 
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antigen. About 70-75^ of the macrophage bound antigen is 
ingested and is apparently partially degraded, associated 
with la determinants, and released as a soluble factor 
which can lead to cooperation (Rosenthal ejb aJ. 1978). 
Macrophages have also been shown to be active 
prior to B cell activation. It has been hypothesized 
that the dendritic processes of reticular cells adsorb 
the helper T cell product and then present it to B cells 
in a specified form (Feldmann 1977). 
Negative Effects on Antibody Responses 
T cell suppression 
The suppression of immune responses by a T cell 
subpopulation is a widely accepted phenomenon (Gershon 
et al. 1972). There have been demonstrations of both 
antigen specific and nonspecific T cell suppression in 
micG (Feldmann 1977)• There is considerable evidence 
that there is no macrophage involvement in the generation 
of suppressor T cells (Feldmann 1978). The two major 
systems which have been studied in relation to this 
mechanism are the responses to KLH and to the synthetic 
amino acid polymer GAT. Both show similar results. 
In both systems, a soluble factor has been described 
which is a protein about 4^,000d in molecular weight. 
does not express immunoglobulin determinants, bears ^ 
region determinants, suppresses both in vivo and in vitro 
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secondary responses, and contains a binding site for antigen 
(Taniguchi e^t 1976a, Theze et al. 1977b). There 
appears to be dual gene control in both responses, with I 
region control of both production of the factor by 
suppressor T cells and of a receptor on other T cells 
(Taniguchi ejt a2. 1976b, Kapp et al. 1977). However, 
while the GAT induced factor can act across histocompat­
ibility barriers (Kapp et si. 1977), the KLH induced factor 
cannot (Taniguchi et al. 1976a). Control of the suppressor 
systems seems closely linked to the I-J subregion, with 
expression of I-J determinants on suppressor factors 
(Thize e^ al. 1977a), and on the suppressor T cells 
(Greene ejt al. 1977). Inhibition of GAT suppression in 
vivo can occur through the administration of anti-I-J 
antisera (Pierres et al. 1978). 
Tada ejt al. (1978b) have identified a possible 
amplification loop in the generation of suppression in 
the response to KLH. They found production of a suppressor 
factor by Ly 2^\3^ T cells which bound to an acceptor 
site on Ly 1^,2^,3^ T cells. This latter T cell then 
became the actual suppressor T cell. The interaction of 
these two T cell subpopulations was governed by the I-J 
subregion. A similar situation has been described for 
GAT responses by Benacerraf (1978a). 
T cell suppression of the response to T-independent 
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antigens has been demonstrated (Barthold et al. 197k). 
However, demonstration of this suppression in vitro 
requires the removal of macrophages. Nevertheless, 
augmentation of the response to T-independent antigens 
in vivo has occurred through the removal of T cells 
(Feldmann 1977). 
Douglas and Rubin (1977) have isolated a 34,000d, 
heat labile protein which was capable of inhibiting 
primary responses in vitro and was present in mice 
seven days after immunization. Eardley and Sercarz (1976) 
have also noted the early production of a suppressor 
factor after immunization followed by a period of helper 
effect domination. Eardley and Gershon (1975) report that 
this early appearance of suppression may be due to a 
feedback mechanism involving T cells. 
A related form of suppression may be antigenic 
competition. This occurs when the induction of the 
immune response to one antigen interferes with the response 
to a second, unrelated, antigen (Gershon 1974). This 
suppression has been found to be due to a nonspecific 
suppressor factor produced by T cells or macrophages 
(Gershon 1974). 
An additional form of T cell suppression has been 
termed allotype suppression (Jacobson et al. 1972). This 
form of suppression can be induced by prenatal exposure to 
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antisera against one of the allotypes potentially 
expressed by the fetus. The suppression is an active 
process. 
Macrophage suppression 
Macrophages have been shown to release factors 
which have been implicated in suppression of humoral 
responses (Gershon 197^)• The release of these factors 
appears to be controlled, to a degree, by T cells. 
Antibody suppression 
An antibody feedback loop has also been described 
wherein antibody appears to be produced in cycles (Weigle 
1975)• It is not clear whether the suppression is 
active at the T or B cell level. 
Tolerance 
Tolerance can be defined as a state of specific 
immunological unresponsiveness induced by exposure to 
antigen (Hobart and McGonnell 1975)» High doses of 
T-independent antigens, aggregate free natural proteins 
such as HGG and BSA, D-amino acid polymers and chemically 
modified flagellin are examples of tolerogens (Mitchell 
1977)' Since the response to most antigens requires 
cooperation between T and B cells, it has been hypoth­
esized that tolerance occurs in both populations. The 
experiments of Weigle et al. (1975) showed that, although 
there are differences in the kinetics of induction of and 
36 
release from induced tolerance, both T and B cells may 
become tolerized. T cells appear to be affected in both 
low and high dose tolerance, whereas B cells are only 
affected in high dose tolerance (Mitchell 1977)• These 
two zones of tolerance are always separated by a dose 
range which induces antibody synthesis. An example of 
the two zones has been provided by Shellam and Nossal 
(1968) using flagellin administration to newborn rats. 
Administration of doses of 0.1 pg/g body weight gives 
low zone tolerance while doses above or equal to 2 ng/g 
body weight results in high zone tolerance. Optimal 
antibody response occurs with 10 pg/g body weight. 
B cell tolerance is believed to be induced by the 
irreversible binding of antigens of a critical epitope 
density to the cell surface (Diener and Feldmann I969). 
Waldmann and Munro (1975) suggest that antigen binding 
In the absence of a aecond mitogenic signal from T cells, 
or binding with excess signal are the cause of B cell 
tolerance. In light of the need for macrophage secreted 
soluble factors for T cell activation, the same mechanism 
of tolerance may be applicable. The actual mechanisms are 
still unresolved. 
Based on recent reviews by Benacerraf (1978a) and 
Feldmann (1978), figure 3 has been drawn as an illustra-
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Figure 3. Possible paths of cell interactions in the regulation of humoral 
immimity. ( ») arrows indicate positive effects while ( *) 
arrows indicate negative effects. (Based on Feldmann 1978, 
Benacerraf 1978a, Tada et 1978, Rosenthal ejc al. 1978) 
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tion of some of the potential interactions which can 
occur in the induction and control of humoral immunity. 
Thus, humoral immunity is turning out to be a network of 
cell-cell interactions, as originally proposed by Jerne 
(1976). 
Genetic Control of the Immune Response 
All the molecular actions of a cell are ultimately 
determined by the genetic composition of the cell. The 
genetic information is responsible for the presence and 
form of the structural and induced proteins. In light 
of the previous presentation, genetic control of immune 
responses might well be expected. On a rather general 
level, Feingold ejt a2. (1976) used selective breeding of 
high and low responder mice to SRBC to develop two 
separate lines of mice based on their immune response. An 
examination of the dynamics of this breeding process 
estimated the involvement of about ten loci in the regula­
tion of the quantitative antibody response. Such mice have 
been shown to be high and low responders to a number of 
antigens, indicating a generalized defect in the low 
responder line. Differences in macrophage processing of 
antigen have been found (Wiener and Bandieri 197^). 
Similar selective breeding of outbred mice on the 
basis of their immune response to BSA and rabbit gamma 
globulin (RGG) suggests that two or three genes control the 
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response (Passos ^  al. 1977). The authors hypothesized 
that the number of genes involved in the regulation of the 
response to a particular antigen is directly proportional 
to the complexity of the antigen. In fact, the use of 
amino acid polymers of restricted heterogeneity has 
demonstrated that one gene can control an immune response. 
Many of the responses to restricted determinant antigens 
have been linked to controlling genes which map in the 
!_ region of the B/IHC. 
H-2 linked immune response genes 
The immune response (Ir) genes which map in the MHC 
have been extensively reviewed (Green 1974, Benacerraf 
and Katz 1975)' The structure of the H-2 region of the 
mouse is shown in figure 4. Table 2 lists various traits 
which have been shown to be controlled by this complex, 
and their tentative location in the MHC. Evidently, this 
region is of great importance in a number of immunological 
processes. 
The I region genes have been investigated mainly in 
the context of humoral responses. The responses have all 
been shown to be T-dependent with the types of antigens 
including synthetic polypeptides, alloantigens, and low 
doses of foreign proteins (Benacerraf and Katz 1975). As 
examples, I region genes control the response to (T,G)-A—L, 
GAT, Ql'0, H-Y, Thy 1.1, Ea.l, BGG, ovalbumin (OVA) and 
ovomucoid (CM). Through the use of congenic recombinant 
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Figure k. Map of the major histocompatibility complex of the mouse and its 
localization on the 17th chromosome (linkage group IX). Based on 
Shreffler (1977), David and Cullen (1978) and Klein and Chiang (1978). 
Abbreviations; qk = quaking; tf = tufted; TL = thymus leukemia 
antigen; Hp = hairpin tail; Gv-1 = tumor alloantigen; T = T locus. 
Table 2. Mapping of the control of various immune functions and traits in 
the subregions of the MHC of mice ("based on Shreffler and David 
1975 and Thaler et al. 1977). (+) = tentative location. 
Trait 
Serologically Detectable Cell Antigens 
Transplantation Antigens 
CML Target Antigens 
Serum Proteins Quantitative 
Allotype, Sex-Limited 
Thymus Leukemia Cell Alloantigen 
la Antigens 
Erythrocyte Antigen 
Tumor Virus Susceptibility 
Hybrid Resistance to Tumors 
MLR 
GVH Reaction 
Immune Responses 
T-B Cell Interactions 
T Cell-Macrophage Interactions 
T Cell Suppression 
Complement Levels (CI to C4) 
Testosterone Levels, Sex-Organ Weight 
Mating Preference 
K 
+ 
+ 
+ 
(+) 
+ 
+ 
+ 
Controlling Region(s) 
S D H-2^ TL I-A/B W TZ G 
+ + + + 
+ 
(+) 
+ 
+ 
+ 
+ 
(f) (+) 
+ 
+ 
+ 
-t-
+ 
+ 
(O 
+ 
+ 
+ 
+ 
+ 
+ 
-t-
+ 
+ 
+ 
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mouse strains, complementation of ^ region genes has been 
shown in responses to H-Y (Simpson and Gordon 1977)» H-2.2 
(Dorf and Stimpfling 1977), phage (Kolsch and Falkenberg 
1977), IjDHg (Melchers and Rajewsky 1975) and GL0 (Dorf 
and Benacerraf 1975)- These genes complement in both the 
cis and trans position and, interestingly, most have one 
gene mapping in I-A with the other mapping in I-C 
(Benacerraf et al. 1977). One gene may code in factor 
production and the other in receptor production. 
These genes control the capacity for both cellular 
immunity and humoral immunity. Most of the control seems 
to revolve around the actions of the T cell. These 
genes control response to the carrier of hapten-carrier 
conjugates, the ability to generate memory and the switch 
of B cells from IgM to IgG secretion (Grumet 1972). In 
addition, I region genes can be involved in the production 
of suppression rather than help, as demonstrated in the 
GAT system (Kapp ejt a2. 1975)-
The nature of the response which is controlled by 
these genes is still controversial. The relationship of 
la antigens, which are a product of this region, to the 
response control has been suggested. la specificities 
have been identified on B cells, macrophages, and 
activated, but not quiescent, T cells (David et al. 1976). 
la antigens have been found to be necessary at some point 
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in both the primary (Niederhuber et a2. 1978) and 
secondary (Pierce ejt al. 1976) interaction of T cells 
with macrophages. Various hypotheses have been put 
forward that the Ir genes are expressed on macrophages 
and B cells as la antigen and form immunogenic complexes 
with antigen which are recognized by T cells (Benacerraf 
1978b). 
Allotype linked ir genes 
The response to a number of antigens or hapten conju­
gated antigens has been found to be partially controlled by 
allotype linked genes (Mâkelâ ejt a2. 1977)» These genes 
are very closely linked to genes controlling the heavy 
chain allotypes of immunoglobulins. Normally these genes 
are demonstrated by inherited idiotype determinants which 
affect the pattern of response. Genes linked to allotype 
markers have been shown to control the response to dextran 
(BloîTiberg et al, 1972) anu streptococcal polysaccharide 
(Eichmann 1972), as well as affect the response to a number 
of I region controlled antigens such as staphlococcal 
nuclease (Pisetsky et aJ. 1978), GAT (Dorf _et 1974) 
and a series of GL-polymers (Kipps ^  1977). 
Theoretically, these genes are expressed in B cells and 
help code for the immunoglobulin binding site. 
Sex linked Ir genes 
Linkage of response to the X chromosome has been 
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demonstrated for several T-independent antigens including 
type III pneumococcal polysaccharide (SIII), poly(I)'poly(C), 
and denatured DNA (Zeicher et al. 1977). Regulation of 
the response to a subunit of LDH by an X-linked gene has 
also been reported (Marsh et a2. 1977). The response of 
B cells to LPS also appears to be partly controlled by 
an X-linked gene (Glode and Rosenstreich 1976). 
For most, the response appears to be controlled by 
a single dominant gene, is transferable by lymphocytes, 
and appears to be antigen specific. Zeicher ejt ai. (1977) 
have identified a series of lymphocyte alloantigens 
present on a subpopulation of T cells and controlled by 
genes associated with the X chromosome. They suggested 
that the alloantigen codings associated with immune 
response genes may represent another I_ region-like 
c omplex. 
Amsbaugh ^  al. (1972) report that the control of the 
response to SIII by an X-linked gene may result from 
control of IgM synthesis. In humans, Bruton's disease 
has been identified as an X-linked deficiency in some 
form of B cell differentiation or regulation (Gasser and 
Silvers 197^). Wiskott-Aldrich syndrome is an X-linked 
deficiency in humans where there are low IgM levels and 
a deficiency in responses to several polysaccharides 
(Gasser and Silvers 197^). Most of the X-linked effects 
on the immune response appear to deal with the response 
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to T-independent antigens or with B cell differentiation. 
Undefined or partially defined Ir genes 
While H-2 linked Ir genes appear to control initial 
responsiveness, the overall magnitude of the response in 
many cases is determined by non-H-2 linked genes (Pisetsky 
et al. 1978). The I region controlled antigens which have 
been shown to be influenced by non-H-2 linked genes 
include Ea.l (Gasser 1970, Benacerraf and Katz 1975)» 
GAT (Dorf ejb 1974), GIA (Maurer et al. 1974), Thy 1.1 
(Zaleski 1974), calf collagen type I (Nowack e^ al. 1975)» 
KLH (Taniguchi et ad. 1976b), (T-G-G-Gly)^ (Merryman ejt al. 
1977), ovalbumin (Lubet and Kettman 1978), (T,G)-A—L 
(Munro ejt a2. 1978), and staphlococcal nuclease (Pisetsky 
et al. 1978). 
Interestingly, the effect of these non-H-2 genes may 
be on the expression of la antigens. David (1976) has 
found that mice with the C57BL background express la 
antigens much better than mice with the C3H background. 
Non-H-2 genes have also been shown to affect the production 
of a soluble helper factor and its acceptance in the 
(T,G)-A—L system (Munro et 1978), as well as the 
production of a soluble suppressor factor and its 
acceptance in the KLH system (Taniguchi ejt al. 1976b). 
The genes in these cases may control the synthesis of a 
surface protein that interacts with la. 
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Phillips-Quagliata has demonstrated that non-H-2 
genes play a major role in PI hybrid resistance to tumors, 
a trait formerly thought to be solely H-2 linked (see 
Siegel and Cohen 1978). In addition, the response 
H-2D^ (Wernet and Lilly 1975) and to (T,G)-Pro—L (Mozes 
et al. 1969b) appear to be controlled solely by non-H-2 
linked genes. A summary of the genes which influence 
the response to a number of substances is shown in 
table 3 .  
Goals of This Dissertation 
The present studies were undertaken to analyze 
the genetic control of the Immune response of mice to 
highly conjugated dinitrophenylated human gamma 
globulin. The amount, affinity, and isotype of the 
antibody produced by different strains of mice was 
investigated. The kinetics and cellular aspects of the 
response both in vivo and m vitro were also examined. 
Genetic aspects of the response were studied using î'I 
hybrid, backcross and allophenic mice. The findings are 
discussed in context of the above introductory material, 
and in light of recent findings of the involvement of 
complement in generating immune responses and the effect 
of highly substituted DNP-proteins on complement. 
Table 3. The location of gene loci which have been shown to control the immune 
response to various antigens (see text for references). 
Antigen 
Synthetic Polypeptides 
(TI G) -A—L 
(Phe,G)-A—L 
(T,G)-Pro--L 
(T-A-G-Gly) 
GAT 
GL^ 
GL Polymers 
Alloantigens 
Ea-1 
la Antigen Expression 
Hybrid Tumor Resistance 
Proteins 
Staphlococcal Nuclease 
Phage f(j 
OVA 
BGG 
KLH 
Calf Collagen Type I 
LDHB 
Miscellaneous 
Gene Linkage (No. Loci) 
H-2 Allotype X-Chromosome Other Non-H-2 
+  ( 2 )  +  
+  
+ 
+ + 
+ + + 
+  ( 2 )  
+ + 
+ (23) + 
+ + 
( 2 )  
(2 )  
+  ( 2 )  
+  ( 2 )  
+ + 
+ 
+ 
+ 
Dextran 
S III 
4-
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MATERIAIS AND METHODS 
Animals 
Mouse strains 
All inbred mouse strains used in these experiments 
(A/J, SJL/J, CBA/J, C57BL/6J, C57BL/lOSn, BALB/CJ, and 
DBA/lJ) were obtained from the Jackson Laboratory, Bar 
Harbor, ME. The outbred CFl line was purchased from 
Charles River, Portage, MI. The congenic mouse strains 
(BlO.A/SgSn, B10.D2/nSn, BlO.BR/SgSn, and B10.A(2R)/SgSn) 
were obtained from the Jackson Laboratory. The congenic 
strain B10.A(4R) was obtained from Dr. Donald Shreffler, 
Dept. of Genetics, Washington University, St. Louis, MO. 
PI hybrid mice 
PI hybrid mice were bred in our laboratory among 
the inbred strains A/J, SJL/J, C57BL/6J, CBA/J, BALB/CJ, 
aiiu DBA/U. Female mice of the hybrids BALB/cj x A/J 
(CAPL/J) and BALB/CJ X C57BL/6J (CB6PI/J) and male mice 
of the hybrids C57BL/6J x DBA/2J (C6D2F1/J) and BALB/CJ 
x C57BL/6 (CB6P1/J) were obtained from the Jackson 
Laboratory. 
Backcross generation mice 
Backcross generation mice were bred in our laboratory 
by crossing males of the Fl hybrids A x C57BL/6, SJL x 
C57BL/6, A x CBA, SJL x CBA, A x DBA/l, SJL x DBA/I, and 
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A X SJL to females of the parental inbred strains. 
Allophenic mice 
Allophenic mice were produced in our laboratory 
using the aggregation techniques described by Mintz (1971)• 
The mice were produced by Ms. Judi Mclvor, Ms. Carla 
Tollefson, Dr. Carol Warner and Dr. M.J. Schmerr. The 
procedures used have been described in detail elsewhere 
(Warner et al. 1973) • 
Rabbits 
Female New Zealand white rabbits were obtained from 
Dwight Carpenter, Maxwell, lA. 
Adjuvants 
Aluminum hydroxide 
Aluminum hydroxide gel adjuvant (AlXOH)^) was 
prepared by a modification of the procedure of Levine 
and Vas (1970). 500 ml of 2 N AlgCSO^)? (222 g AlgtSO^)^' 
18 HgO/l) were combined with 500 ml of 2 N NaOH with 
constant stirring. The suspension was distributed into 
centrifuge bottles and centrifuged using a GSA rotor in a 
Sorvall RC2-B centrifuge for ten minutes at 1500 rpm. The 
precipitate was washed five times with distilled water. 
After the last wash, the precipitate was washed once with 
0.01 M Tris buffered 0.l6 M NaCl, pH 7-5. The gel was 
resuspended in 500 ml of the same buffer and homogenized 
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for three minutes in a Waring blender at maximum speed. 
The volume was adjusted to 1 liter with buffer and the 
weight/volume ratio determined by drying down triplicate 
5 ml samples of the gel in 20 ml vials. The vials were 
weighed before addition of the gel and after drying to 
obtain the weight per 5 ml volume. The gel solution was 
stored at room temperature and shaken well before dilution 
in PBS for use. 
Complete Freund's adjuvant 
Complete Freund's adjuvant (CFA) was purchased from 
Grand Island Biological, Grand island, NY. The adjuvant 
contained 500 mg of Mycobacterium smegmatis per liter. 
Antigens 
DNP-HGG. high conjugation 
High conjugation dinitrophenylated human gamma 
globulin (DNP-HGG) was prepared by the method of Little 
and Eisen (I966). Human gamma globulin, Cohn fraction II, 
was obtained from Sigma Chemical Co., St. Louis, MO or 
from Miles Laboratories, Elkhart, IN. 200 mg of KHCO^ 
were dissolved in 10 ml distilled water (dHgO) in a 30 ml 
beaker. Next, 200 mg of HGG were added and dissolved. The 
pH was measured and adjusted (although this was usually 
not necessary) to a value of 10 by the addition of 1 N 
NaOH. 200 mg of 2,4-dinitrobenzene sulfonic acid, sodium 
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salt (Eastman Chemicals, Rochester, NY) were added, the 
beaker covered with aluminum foil, and the mixture in­
cubated at 37°C with constant stirring. A i inch thick 
styrofoam block was placed between the beaker and the 
stirrer to protect the reaction mixture from the heat 
generated by the stirrer. After 10 hours, the mixture 
was removed, placed in a dialysis bag (Spectrapor 3i 18 mm 
membrane tubing, Fisher Scientific Co., Pittsburgh, PA), 
and dialyzed at if°C against one liter volumes of 0.1 M 
sodium phosphate buffered 0.15 M saline, pH 7.0 (PBS). 
After 3 days (using a minimum of seven changes of buffer) 
the product was removed from dialysis, passed through a 
0.^5 micron sterile Millipore filter (Millipore Corp., 
Bedford, MA), aliquoted, and stored at -20°C until used. 
The number of DNP groups per protein molecule was 
determined spectrophotometrically by the method of Eisen 
^ (1954): Dilutions (1:200, 1:300, and 1:400) of 
the antigen in 0.1 N NaOH were made and the absorbance of 
the solutions measured at 290 nm (Ag^Q) and 360 nm (A^^q) 
in a spectrophotometer. The number of DNP groups per 
protein molecule and the protein concentration were 
calculated as in the following example; 
The solution was diluted 1:400 in 0.1 N NaOH. 
^360 ~ 0-262 
A290 = Û.110 
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The absorbance at 290 nm was corrected to the 
absorbance at 290 nm due to protein by sub­
tracting 0.182 times the absorbance at 360 nm 
from the absorbance at 290 nm. The value of 
0.182 is the ratio of the absorbance of DNP-
lysine at 290 nm to the absorbance of DNP-lysine 
at 360 nm (Eisen et al. 1954). 
A290 total = 0.110 
A290 to DNP = 0.048 
due to protein = O . O 6 2  
The pg of nitrogen per ml of protein was cal­
culated by dividing the absorbance at 290 nm due 
to protein by 0.0097» the extinction coefficient 
of gamma globulin per ]xg N per ml (Eisen et al. 
1954). 
^290 protein " O. O 6 2  
^290 protein 0.0097 = 6.42 pg N/ml 
Using 15% nitrogen content (analysis provided by 
Sigma Chemical Co.), the protein concentration 
in mg/ml was calculated. 
lag N/ml t }Ag N/pg protein -5- 10^ pg/mg X dilution 
6.42 4- 0.15 4- 10^ X 400 = 17.1 mg/ml 
The molar concentration of protein was calculated, 
assuming 160,000 as the average molecular weight 
for human gamma globulin. 
g/l protein -r l60,000 g/M 
17,1 -r 1,60 X 10^ = 1.07 X 10'^ M 
The protein concentration was confirmed by the 
procedure of Lowry et al. (1951). 
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The molar concentration of DNP was calculated 
using 171400 as the molar extinction coefficient 
for DNP-lysine. Protein solutions do not show 
any detectable absorbance at 360 nm. 
A360 17,400 X dilution 
0 . 2 6 2  4- 17,400 X 400 = 6.0 X 10"^ M 
The average number of DNP groups per protein 
molecule was calculated using the molar concen­
trations for DNP and protein. 
M " protein TofTlÔ^ " «roups per 
I.UF X ±U protein molecule 
DNP-BSA and DNP-BGG 
Dinitrophenylated bovine serum albumin (DNP-BSA) 
and dinitrophenylated bovine gamma globulin (DNP-BGG) 
were prepared and analyzed using the same procedures 
outlined for DNP-HGG above. Crystalline bovine serum 
albumin (Sigma Chemical Co.) and bovine gamma globulin, 
Cohn fraction II (Sigma Chemical Co.) were used as the 
protein sources. Protein concentrations were determined 
using the procedure of Lowry et al. (1951). 
hHQG 
Heat aggregated human gamma globulin (hHGG) was 
prepared by the identical procedure outlined for synthesis 
of DNP-HGG, with the omission of the 2,4-dinitrobenzene 
sulfonic acid. 
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DNP-HGG, low conjugation 
Dinitrophenylation of human gamma globulin was 
performed by the method of Vaz and Levine (I97O). 20 mg 
of HGG were dissolved in 10 ml of dHgO. The pH of the 
solution was adjusted to 9*5 with 1 drop of 0.1 N NaOH. 
15 mg of dinitrofluorobenzene (Sigma Chemical Co.) were 
added and the solution stirred at room temperature. The 
solution was covered with aluminum foil to protect it 
from light. After 1 hour, the solution was transferred to 
dialysis tubing (Spectrapor 3> 18 mm, Fisher Scientific 
Co.), and dialyzed exhaustively against PBS. The 
resulting solution was analyzed as outlined above for 
DNP-HGG. 
Immunization Schedules 
Antigen in Al(OH)^ 
All mice were between 2 and 6 months of age at the 
start of immunization. Each animal received either 1 pg 
or 50 pg antigen in 1 rag AlCOH)^ (dry weight) in a 0.2 ml 
volume injected intraperitoneally on days 1, 29 and 57' 
The tertiary bleeding was on day 64 from the orbital 
venous sinus. 
Antigen in CFA 
All mice were between 2 and 6 months of age at the 
start of immunization. An emulsion of 1 pg or 100 pg of 
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protein in adjuvant was prepared by first placing three 
volumes of CFA in a 20 ml scintillation vial. The vial 
was placed in a Virtis Model 23 homogenizer. While running 
the motor at half maximal speed, one volume of the protein 
solution, at the proper dilution in PBS, was added dropwise 
from a 5 ml syringe with the needle bent at a 90° angle. 
After the protein solution was added, the motor was increased 
to maximum speed for one minute. The quality of the 
emulsion was checked by placing a drop on a petri dish 
full of water. Lack of dispersion was proof of a good 
emulsion. 
Each animal received 0.1 ml of the resulting emulsion, 
distributed between the two rear footpads. On day 21, 
the animals were boosted with the same amount of protein 
in PBS only. The boost was given intraperitoneally in 
a 0.2 ml volume. The secondary bleeding was on day 28 
from the orbital venous sinus. 
Preparation of anti-mouse gamma globulin 
Antisera against mouse gamma globulin (MGG) was 
raised in female New Zealand strain rabbits by a modifi­
cation of the procedure of Dresser and Greaves (1973)• 
Two rabbits were injected intramuscularly in one thigh with 
0.5 ml of CFA which contained 200 pg of the protein at 
a 5:1 ratio (CFAtMGG). One week later, the same procedure 
was repeated in the other thigh. Eight weeks later, the 
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animals were injected subcutaneously at five sites along 
the back using 0.5 ml of a similarly prepared emulsion 
(0.1 ml per site). After a further 14 days, the rabbits 
were test bled from the marginal ear vein. The sera were 
analyzed by double diffusion against MGG. Eleven days 
after the test bleeding, the animals were boosted intra­
venously with 4-00 ]ag of protein in PBS with 10 mg Phenergan 
(Promethazine HCl) in 0.4 ml total volume. After eight 
days, the animals were bled by cardiac puncture. Four 
months later, the animals were reboosted and eight days 
later exsanguinated by cardiac puncture. 
Preparation of Serum 
All mouse sera were prepared in the same fashion. 
Blood collected from the orbital venous sinus using a 
pasteur pipette was placed into 400 ]Jil microfuge tubes 
(Beckman instruments, Chicago, IL). The blood was allowed 
to clot at room temperature for a minimum of 1 hour or a 
maximum of 2 hours. The samples were then placed in the 
cold (4°C) for a minimum of 5 hours or a maximum of 20 
hours. The clot was removed using a wooden applicator 
stick (Diamond National Corp., New York, NY). The 
remaining cells were removed by spinning in a Beckman 
microfuge for 1 minute. The serum was transferred to 
another 400 pi microfuge tube. Sera were stored at -20^C 
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for short term (less than 1 month) or at -70°C for long 
term (over 1 month). 
Assays for Serum Anti-DNP Antibody 
DNP-T4 phage inactivation assay 
Maintenance of E.coli B 5 ml of 1.5^' agar 
(Difco, Detroit, MI) and 0.8% nutrient broth (Difco) in 
dHgO were sterilized and made into slants in 15 x 125 mm 
screw cap test tubes. A sterile loop was used to inocu­
late the tubes from a stock culture obtained from Dr. P. 
Pattee, Dept. of Bacteriology, Iowa State University. 
After 24 hours incubation at 37°C in a humid atmosphere, 
the cultures were stored in the refrigerator until used. 
The cultures were warmed to room temperature prior to 
inoculation of broth cultures. 
Growth of the phage 600 ml of growth broth 
(0.8% nutrient broth and 0.5% NaCl in dHgO) were placed 
in a 4 liter flask and autoclaved. Aseptically, the 
E. coli B growth from one agar slant was washed into 
solution with 5 ml of the broth and poured into the flask. 
The flask was placed in a controlled environment shaker 
(New Brunswick Scientific Co., New Brunswick, NJ) at 37°C 
and incubated until the culture reached an absorbance of 
0.6 at 5^0 nm. At this point, 1.5 ml of T4 phage stock 
1 n 
culture (4 x 10 pfu/ml, also obtained from Dr. Pattee) 
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were added to the bacterial culture and the incubation 
continued until the solution cleared (about 16 hours). 
The culture was removed from the shaker and distributed 
into four centrifuge bottles. The bottles were placed 
into a precooled GSA rotor in a Sorvall RC2-B centrifuge 
or a precooled JA-14 rotor in a Beckman J-21 centrifuge 
and centrifuged for 20 min. at ^OOOg and 4°C. The super­
natant was transferred to ten centrifuge tubes which were 
placed in a rotor in a Beckman 1-4 centrifuge and 
run for 30 min. at 100,000g or for 2i hours at 35»OOOg 
in a #21 rotor in the Beckman L-4 centrifuge. The former 
was found to give the preferable pellet to work with. The 
pellet was resuspended in 5 ml of Weigle's buffer (Weigle 
et al. 1959) consisting of 0.6ml 1 M Tris buffer, pH 7.5, 
0.012 g MggSO^, 0.4 g NaCl and 0.005 g gelatin in 100 ml 
dHgO. Warm water is necessary to put the gelatin into 
solution. The suspension was centrifuged 30 min. at 
maximum speed in a tabletop centrifuge. The supernatant 
was passed through a sterile, wetted 0,45 Millipore 
filter, placed in a 17 x 100 mm disposable test tube 
(Falcon Plastics, Oxnard, CA), and stored in the refrig­
erator. 
Titration of T4 phage 15 x 125 mm screw cap test 
tubes containing 2.5 ml aliquots of sterile soft agar 
(1^ Bacto-tryptone, 0,5^ NaCl, 0.1^ glucose and 0.?# agar 
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in dHgO) were melted in boiling water and placed into a 
water bath at 46°C. An E. coli B slant was washed with 
5 ml of nutrient broth and 2 drops from a pasteur pipette 
were placed into each tube of soft agar. A series of 1:10 
dilutions of the phage stock in 0.0? M sodium phosphate 
buffer, pH 7.0, containing 0.5% heat inactivated fetal 
calf serum was made. A new pipette was used for each 
dilution since the phage tend to be retained by the pipette. 
For detection, the double layer plating method of Adams 
(1950) was performed in duplicate for each dilution. 
0.1 ml from the appropriate dilution of phage was added to 
a tube of soft agar-E. coli B mixture. The tube was 
mixed and the mixture quickly poured into a plastic 
disposable petri dish (Fisher Scientific Co.) which 
contained 10 ml sterile hard agar (Ifo tryptone, 0.5^ NaCl, 
0.1# glucose and 1.5% agar in dHgO). The plates were 
incubated at JY'C overnight. The plaques were counted 
in a bacteriological colony counter (New Brunswick 
Scientific Co.). Titers were expressed in plaque forming 
units per ml (pfu/ml). 
Derivatj^aation of phage To 1 ml of T4 phage 
sample in a 5 ml beaker were added 21.8 mg NaHCO^ and 4-. 8 mg 
NagCO^. The pH was adjusted to 9-5 with one drop of 1 N 
NaOH. 12 mg of 2,4—dinitrobenzene sulfonic acid, sodium 
salt (Eastman Chemicals) were added to the mixture, which 
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was then incubated 10 hours at room temperature in the 
dark. The mixture was dialyzed exhaustively at against 
0.07 M sodium phosphate buffer, pH 7.4, after placing it in 
dialysis tubing. The product can also be separated on a 
Sephadex G-25 column since the phage do not adhere to the 
gel (Carter et al. I968). The resulting phage suspension 
was then retitered after spinning in a tabletop centrifuge 
to remove aggregated products. 
t4 phage anti-DNP assay Serial dilutions of an 
anti-DNP antisera were made in 0.07 M sodium phosphate 
buffer, pH 7*4 containing 0.5% heat inactivated fetal calf 
serum (FCS) which had been passed through a 0.45 pm 
Millipore filter. The dilutions were made in 50 pi amounts. 
To each tube, 50 pi of a dilution of the DNP-T4 phage stock 
in FCS-phosphate buffer which contained 10^ pfu/ml were 
added. This gave an effective addition of 5OO pfu to 
each tube. Controls were set up using normal serum. 
To each tube, 0.9 ml FCS-phosphate buffer were added to 
yield a total volume of 1.0 ml. The tubes were incubated 
for 10 hours at 36°C and then plated as in the titration. 
After incubation overnight, the number of plaques were 
counted. Values were expressed as the percent activity 
of pfu which was calculated by: 
4 activitv = ( no. pfu In antiserum ^ 
^ no. plu in control serum 
A curve for each serum sample was plotted, serum dilution"^ 
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against the ^ activity on semilog graph paper. 
Radioimmunoassay 
Radiolabeled hapten C-dinitrophenyl-L-lysine was 
purchased from New England Nuclear, Boston, M (Phenyl-3i5-
^H(N), 1.1 Ci/mmole), or synthesized by the method of 
Stupp ejt al. (1971). For the synthesis procedure, 
2,4-dinitrofluorobenzene (3»5-^H(N), 24.1 Ci/mmole) in 
1.0 ml benzene was purchased from New England Nuclear. 
The vial contained 7.7-7.9 % 10~^ mg of material. To the 
vial 10 mmoles of alpha-tertiary butyloxycarbonyl (BOC)-L-
lysine (Pierce Chemical Co., Rockford, IL) in 0.1 ml of 
5% NagCO^ were added. The reaction was allowed to proceed 
for 1 hour at room temperature with constant stirring. 
0.1 ml of 12 N HCl was then added to cleave the BOC group 
from the •t-BOC-fc(^H)DNP-L-lysine, and the mixture was 
stirred for an additional hour. The products were 
spotted on a silica gel Uniplate chromatography plate 
(250 pm thick, Analtech Inc., Newark, DE). The chromatogram 
was developed for 3 hours in isopropanol *. ammonium 
hydroxide (7:3). The chromatogram was air dried and the 
product located using a chromatogram on which c-DNP-lysine 
(Sigma Chemical Go.) alone was run (table 4). The product 
was scraped from the plate into a 12 x 75 mm disposable 
plastic test tube (Falcon Plastics). 1.0 ml of PBS was 
added, the tube vortexed, and the mixture allowed to 
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Table 4. values of the products of the synthesis of 
radiolabeled DNP-lysine. Chromatograms were 
developed with isopropanol : ammonium hydroxide 
(7:3). 
Compound 
lysine 
dinitrofluorobenzene 
DNP-lysine 
DNPglysine 
R f value 
no migration 
0 .97  
0 .73  
0 .95  
stand at room temperature for 10 minutes. The tube was 
spun at maximum speed in a tabletop centrifuge for 15 
minutes. The supernatant was transferred to another 
12 X 75 mm plastic test tube and the precipitate washed 
with another 1.0 ml of PBS. The two supernatant samples 
were maintained separately. The tubes were allowed to 
incubate at overnight and the aggregates of silica 
gel which formed were removed by centrifugation at maximal 
speed in a tabletop centrifuge for 30 minutes. The product 
was stored in liquid nitrogen until diluted in PBS for use. 
For use, a volume of synthesized ^H-DNP-lysine was 
Q 
added to 10 ml of 1 x 10" M cold DNP-lysine in a 17 x 100 
mm plastic test tube (Falcon Plastics) to yield 1000 cpm 
when assayed using normal serum in a Parr assay as outlined 
below. The labeled hapten purchased from New England 
— R 
Nuclear was diluted to 1 x lO" M in PBS for use. 
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Farr assay, procedure 1 Serial dilutions of the 
serum to be tested were made in 50 fil volumes in 400 ^ 1 
microfuge tubes using a 50 pi capillary tube. To each 
microfuge tube, 50 pi of 10M %-DNP-lysine in PBS were 
added, and the tubes incubated at 4°G for 1 hour. The 
antibody was then precipitated by the addition of 200 pi 
of 7O9S saturated (NH^^gSO^, pH 7.0, and the mixture 
incubated at 4°C for an additional hour. After the last 
incubation, the tubes were centrifuged in a Beckman 
microfuge at 4°C for 10 minutes. 100 pi of the super­
natant were then counted in 10 or 12 ml of Bray's solution 
(4 g PPO, 0,2 g POPOP, 60 g napthalene, 100 ml methanol, 
20 ml ethylene glycol and 1,4-dioxane to one liter) in 
a Packard Tri-Carb 2405 liquid scintillation counter. 
Control samples of normal serum were included for 
each set of determinations with the values for each 
dilution defined by: 
^ antigen bound =(1 - ( :g: ))X 100 
The ABC^2 value of a sample is defined as the reciprocal 
of the serum dilution which gives 33?^ binding of a 10" M 
solution of %-DNP-lysine. 
Farr assay, procedure 2 This procedure was 
developed to halve the volumes of serum required in the 
first procedure. Serial dilutions of the serum to be 
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tested were made in 25 pi amounts in Titertek 96 well 
disposable microtiter trays (Flow Laboratories, Rookville, 
MD). 25 \il of 10~® M ^H-DNP-lysine in PBS were added to 
each well and the plates incubated at 4°C for 1 hour. 
The antibody was precipitated with 100 ]xl of 7^% saturated 
(NH^JgSO^' PH 7'0, the plates sealed with adhesive film, 
and the mixture incubated at ^•^C for an additional hour. 
After the last incubation, the plates were centrifuged 
for 30 minutes at 1600 rpm in an International PR-2 
centrifuge at 100 pi of the supernatant were counted 
as before. 
Reverse Radial Immunodiffusion 
Preparation 
A modification of the procedure described by 
Vaerman ejt al. (1969) was used. A solution of 2% agarose 
(BioKad Laboratories, Richmond, OA) and ù.2% sodium azide 
in PBS, and a solution of 0.1 mg/ml DNP^^BSA, crystalline 
BSA, or HGG in PBS were prepared and held at 55°C in a 
water bath. The solutions were mixed and two drops of 
a 0.05% solution of trypan blue in 0.15 M saline (Grand 
Island Biological) were added per 10 ml of gel solution 
to enhance contrast. 10 ml aliquots were pipetted onto 
precoated immunodiffusion plates (Miles Laboratories). 
The plates were precoated by submerging in 1% Photo-Flo 
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200 (Eastman Kodak, Rochester, NY) in dHgO followed by 
air drying. Three mm diameter wells were cut and 12.5 }^1 
of the serum to be tested were placed into each well 
using a 25 pi Hamilton syringe. The plates were incubated 
in a humid atmosphere at 37°C for 5 days. The ring 
diameters were measured with a Nikon Model 6C profile 
projector. Standard curves were established using serial 
dilutions of a rabbit anti-DNP-ovalbumin serum containing 
1.0 mg/ml anti-DNP antibody, as determined by a quantitative 
precipitin test (Eisen et a2. 195^)-
Quantitation 
Each plate used contained three rows of wells: the 
outer rows contained 6 wells each and the center row 
contained 5 wells for a total of 17 wells per plate. 
The five wells of the center row were used to 
establish the standard curve which was constructed 
separately for each plate. The outer 12 wells were used 
for unknown samples. The standard curve was constructed 
by plotting the square of the ring diameter against the 
concentration of the antiserum placed in the well. A 
least squares linear regression line was plotted for the 
points and values for unknown serum samples obtained by 
extrapolation (figure 5). Concentrations are expressed in 
pg anti-DNP antibody per ml. Assays performed one month 
apart using the same sample gave values within 10^. 
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Figure 5» Example of a standard curve for the 
reverse radial immunodiffusion 
assay. 
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Mercaptoethanol Treatment of Serum 
A modification of the method of Schmitt-Verhulst 
et al. (197^) was followed to determine what amount of 
the anti-DNP antibody in a serum sample was of the IgM 
isotype. 2-mercaptoethanol (2-ME) was used to inactivate 
the IgM present in the mouse serum. First, two sets of 
serial dilutions were set up for each particular serum 
sample in 25 }Al volumes (undiluted to 1:512). 15 pi of 
0.27 M 2-ME (Sigma Chemical Co.) were added to the first 
set of dilutions, giving a final concentration of 0.1 M 
2-ME. The tubes were incubated for 1 hour at room 
temperature. 10 pi of 1.0 M iodoacetamide (Calbiochem, 
Los Angeles, CA) were added to gi.ve a final concentration 
of 0.2 M. The mixture was incubated at room temperature 
for an additional 20 minutes. The second set of dilutions 
was treated in the same manner, except that PBS was added 
in place of 2-IvIE and iodoacetamide. This gave an effective 
dilution for both sets of 1:2 to 1:1024 in 50 jil amounts. 
The two sets of serial dilutions were assayed as described 
above for radioimmunoassay. The ABC^^ value was determined 
for each set and converted to logg values. Controls using 
normal serum were included for each set of dilutions to 
account for differences due to quenching of the counting 
fluor. Titers were found to be accurate to the nearest 
dilution, and decreases greater than one logg were 
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considered significant. 
Determination of Anti-DNP Antibody Affinity 
The average relative affinity of the anti-DNP 
antibody in pooled serum samples was calculated using the 
method described by Paul and Elfenbein (1975)• Sets of 
serial dilutions of pooled sera were assayed with the 
first radioimmunoassay procedure described above. Two 
different hapten concentrations were used; an index 
concentration of 10 M H-DNP-lysine, and an experimental 
—R 
concentration of 10" M. 
Polyacrylamide Gel Isoelectric Focusing 
The general procedure outlined by Stephens ejt a2. 
(1977) was followed. Gels were prepared using a mixture 
of 12.8 ml dHgO, 8.4 ml of a stock solution of 19% 
acrylamide and 1% methylene-bisacrylamide (BioRad 
Laboratories), 0.6 ml of ampholytes (3/10) (BioRad 
Laboratories), 0.6 ml of ampholytes (5/7) (BioRad Lab­
oratories), and 1.6 ml of a solution containing (v/v) 
TEMED (BioRad Laboratories) and 0.01^ (w/v) riboflavin 
(BioRad Laboratories). 12 x 0.5 cm gel tubes were filled 
to a height of 10 cm. Using a Hamilton syringe, water 
was carefully layered over the mixture and the gels 
photopolymerized for 2 hours using a fluorescent light 
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source (Buchler Instruments, Fort Lee, NJ). Excess water 
was removed and the gels cooled to 4°C. 
The gel tubes were stationed in a tube holder in 
place over a water cooled (4°C) anodal pole containing 
0.02 M phosphoric acid. 100 pg of protein in 25?5 sucrose 
was applied to each gel. The samples were overlayed with 
100 jal of 15fo sucrose and then 100 \xl of 7-5% sucrose to 
protect the protein from denaturation. 0.01 M NaOH was 
used as the catholyte. 
The electrodes were connected to a power supply 
(Model 3-1155» Buchler Instruments) and a current of 
12 mA (1 mA/tube) was applied until the voltage had risen 
to 500 V. The gels were then run for 3 hours at this 
voltage. Gels were removed from the tubes using ice cold 
dHgO from a 20 gauge 5 inch needle and stained for 90 
minutes with 0.04^ Coommassie Brilliant Blue G (Sigma 
Chemical Co.) in 3*5^ (w/v) perchloric acid. Gels were 
then washed and stored in 5% acetic acid. Gels were 
photographed with Kodak Tri-X film. 
Immunoelectrophoresis 
The barbital buffer used throughout contained 47.6 g 
of sodium barbital dissolved in 4 liters of dHgO with 
55 ml of 1.1? M HGl added to give a final pH of 8.4. 
Cleaned 10 cm x 10 cm glass plates were precoated with 
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Vfo agarose in dHgO and air dried. 15 ml of 1% agarose 
in barbital buffer were then flooded on the plate which 
had been placed on a leveling table. The tip of the 
pipette used to measure the agarose was then used to draw 
the liquid to the edges of the plate. The gel was 
allowed to set at room temperature for 30 minutes. 
Three 4.0 mm wells were cut at 2.0 cm intervals 
about a third of the way across the plate. The two 
buffer chambers of an electrophoresis chamber (BioRad 
Laboratories) were each filled with 750 ml of the barbital 
buffer. The plate was then placed on the cooling table 
and the plate and table precooled with cold tap water. 
Cellulose wicks (BioRad Laboratories) which had been 
presoaked in buffer were lowered into the buffer chamber 
with about 1 cm layered over the end of the gel. 15 pi 
of sample were pipetted into the wells using a 25 |a1 
Hamilton syringe. The cover was placed on the chamber 
and the power supply connected. The plate had been 
orientated so that a third of the gel was to the cathodal 
end and two-thirds of the gel were to the anodal end, 
Bromphenol blue (Sigma Chemical Co.) was added to the 
wells as a marker dye. The gel was run at 7*5 v/cm and 
16 mA for 3 hours. 
After electrophoresis, four troughs, about 0.2 cm x 
6 cm, were cut into the gel and a 1:7 dilution of anti­
serum in buffer flooded into the wells. The plate v;as 
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then transferred to a humid atmosphere at room temperature 
for incubation overnight. The following day the plate 
was washed, dried and stained for photography as outlined 
below. 
Ouchterlony Analysis 
Immunodiffusion plates (Miles Laboratories) were 
precoated with Photo-Flo 200 (Eastman Kodak) as 
described above. A solution of 1% agarose and 0.1% 
sodium azide in PBS was prepared. 10 ml aliquots were 
pipetted onto the plates which had been placed on a 
leveling table. The gel was allowed to set for 30 
minutes. 3 mm diameter wells were cut using a double 
immunodiffusion (Ouchterlony) pattern (Miles Laboratories). 
Three such configurations were cut per plate. The plates 
were stored inverted in a humid atmosphere until used. 
For analysis, 12.5 pl of antigen or antiserum to be 
analyzed were placed in the wells. The plates were 
incubated for 24 hours and then prepared for photo­
graphy as described below. 
Photography of Immunoelectrophoresis and 
immunodiffusion Plates 
Before photographing, the plates were stained with 
Coommassie Brilliant Blue G. The plates were first 
washed with two changes of 0.15 M NaCl for 48 hours and 
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with dHgO for 5 hours. Gels from immunodiffusion plates 
were then transferred to 10 cm x 10 cm glass plates. 
A piece of 10 cm x 10 cm filter paper (grade 591-A, S & S, 
Keene, NH) was layered over the top of the gel on the plate, 
being careful to exclude air bubbles in the gel. Six layers 
of paper towel were placed over the filter paper and a 
weight applied (usually two medium sized text books). 
After 10 minutes, the weight and paper were removed and 
the plate washed with dHgO for 10 minutes. The paper and 
weight were reapplied for 10 minutes, followed by air 
drying of the plate at 37°C. The plate was then submerged 
in stain (0,1 g of Coommassie Brilliant Blue G and 8.75 g 
of perchloric acid in 250 ml dHgO) for 90 minutes. The 
plate was then washed with two changes of 5% acetic acid 
in dHgO and air dried at 37°C. The stained plates were 
photographed with Kodak Tri-X film. 
Labeling of Sheep Red Blood Cells for Use 
in Anti-DNP Plaque Assay 
DNP-anti-SRBC-Fab method 
Isolation of Fab fragments Blood was collected 
by cardiac puncture from a rabbit which had been immunized 
with washed whole SRBG. The blood was placed into 
15 X 125 mm screw cap test tubes and allowed to clot at 
room temperature for 1 hour. The tubes were incubated 
overnight at The clot was removed with a wooden 
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applicator stick and the tubes spun for 20 minutes in an 
International PR-2 centrifuge at 1500 rpm.. The supernatant 
was transferred to dialysis tubing and dialyzed against 
0.01 M potassium phosphate buffer, pH 8.0, overnight at 
Immunoglobulin G was isolated by a modification of 
the method of Prahl and Porter (1968). Dry sodium 
sulfate was slowly dissolved in the serum to a final 
concentration of I89S (w/v). The mixture was placed in 
test tubes and incubated overnight at room temperature. 
The tubes were spun in an International FR-2 centrifuge 
for 10 minutes at I500 rpm, the supernatant removed, and 
the precipitate resuspended in buffer. The protein was 
then reprecipitated using a final concentration of 1^% 
sodium sulfate. The precipitate was centrifuged and 
resuspended by the same procedure to a final volume of 
iO ml. The solution was dialyzed overnight at room 
temperature against the phosphate buffer, and any precipi­
tate removed by centrifuging for 30 minutes in the 
International PR-2 at 1800 rpm. 
The solution was passed over a 29 x 1.8 cm column of 
DEAE Cellulose (Sigma Chemical Co.) in the phosphate 
buffer. Fractions of 5 lal were collected and the absor-
bance read at 280 nm. The tubes which contained the 
second peak (figure 6) were combined and condensed to 
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Figure 6. Elution profile for normal rabbit serum on a 29 x 1.8 cm column of 
DEAE Cellulose in 0.01 potassium phosphate buffer, pH 8.0. The 
serum had first been salt cut with sodium sulfate as described in 
the text. Fractions of 5-0 ml were collected. 
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2.3 ml in a Minicon-B (Amicon Corp., Lexington, MA). 
The protein content was determined by the method of Lowry 
et al. (1951) to be 65 mg. This fraction was designated 
as IgG. 
Digestion of the IgG was accomplished by Hunt's 
(1973) modification of the procedure of Prahl and Porter 
(1968). The protein concentration was adjusted to 14 mg/ml 
in 4.6 ml of 0.5 M Tris buffer, pH 8.0, containing 2 mM 
EDTA. To this solution was added 0.5 ml of the same 
buffer which contained 1 mg of papain (Sigma Chemical Co.) 
activated with 3.5 mg of dithiothreitol (Sigma Chemical 
Co.). This mixture was incubated at 37°C for 1 hour. The 
tube was cooled to 0°C and 0.5 ml of cold alkylating 
buffer (0.1 M Tris buffer, pH 8.0, containing 0.11 M 
iodoacetic acid) was added to give a final concentration 
of 11 mM iodoacetic acid. The tube was incubated at 0°C 
for 1 hour and the final mixture dialyzed against 0=01 M 
Tris buffer, pH 8.0, for 3 days at 4°C. 
The Pc crystals which had formed were separated by 
centrifuging for 30 minutes at 15,000g (Beckman J-21 
centrifuge, JA-20 rotor). The supernatant was dialyzed 
overnight against 0.06 M sodium acetate buffer, pH 5.5. 
The protein was passed over a 58 x 2.4 cm Sephadex G-lOO 
(Sigma Chemical Co.) column in the acetate buffer. 
Fractions of 8.0 ml were collected and the absorbance 
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read at 280 nm. Hemoglobin (M.W. 65,OOOd) was used as a 
marker to locate the Fab fragments (M.W.about 50»000d). 
The peak fractions (figure 7) were collected and 
concentrated to 3-0 ml in a Minicon-B. This was passed 
over a 24 x 2.1 cm column of CM cellulose (Sigma Chemical 
Co.) in the acetate buffer. Fractions of 8.0 ml were 
collected, the absorbance read at 280 nm, and the peak 
fractions (figure 8) combined and concentrated to 2.0 ml. 
Protein concentration was determined by the procedure of 
Lowry ejb §2. (1951). The final yield was 17^. of the 
original protein in the IgG fraction (11 mg). 
Dérivât jzation of Fab fragments The procedure of 
Eisen (1964) was generally followed. The protein 
solution was concentrated to 1 ml (11 mg/ml Fab) and 
20 mg of KgCO^ and 20 mg of 2,4-dinitrobenzene sulfonic 
acid, sodium salt (Eastman Chemicals) were added. The 
mixture was incubated for 3 hours at 37°C. The product 
was passed over a 60 x 1.4 cm column of Sephadex G-25 
(Sigma Chemical Co.) in PBS. The number of DNF groups 
per Fab protein was determined by measuring the absorbancm 
at 360 nm to determine the DNP concentration and performing 
a Lowry assay to determine protein concentration. The 
conjugation yielded 6 DNP groups per Fab molecule. 
Sensitization of sheep red blood cells Sheep red 
blood cells (SRBC) in Alsever's solution (provided by Dr. 
Figure 7. Elution profile of Fab fragments from Ig digest 
performed as described in the text, and for 
purified hemoglobin (Hb) on a 58 x 2.4 cm column 
of Seph.adex G-lOO in 0.06 M sodium acetate 
buffer, pH 5.5. Fractions of 8.0 ml were 
collected. 
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Figure 3. Elution profile of Fab fragments from Ig digest performed as described 
in the text on a 24 x 2.1 cm column of CM Cellulose in 0.06 M sodium 
acetate buffer, pH 5.5. Fractions of 8.0 ml were collected. 
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M. Kaeberle, Dept. of Vet. Microbiology, Iowa State 
University) were washed three times with PBS. A 15% 
solution of SRBC in PBS was sensitized by incubation 
with 150 jag/ml DNP-Fab at 37°C for i hour. The cells 
were washed twice with PBS. 
Glutaraldehyde method 
Glutaraldehyde was used as a linker molecule to 
couple DNP-BSA to the SRBC by the procedure of Lemieux 
et al. (197^). Under optimal conditions, in a 12 x 75 mm 
disposable glass test tube, 0.? ml of DNP^^BSA (16 mg/ml) 
was combined with 0.1 ml of 2^ (w/v) glutaraldehyde in 
dHgO and 0.2 ml of 0.1 M potassium phosphate buffer, 
pH 6.8. The mixture was vortexed and allowed to remain 
at room temperature for 2 hours. The unreacted glutar­
aldehyde was removed by dialysis for 4 hours at room 
temperature against PBS (three changes of one liter). 
Labeling involved mixing 0.1 ml of "acLivaied" antigen 
with 0.1 ml of packed SRBC and incubation overnight at 
4°C. The cells were washed three times with isotonic 
saline. No clumping or cell lysis was seen. 
Chromium chloride method 
The method of Poston (1974) was attempted using CrCl,, 
to label the surface of SRBC with DNP^^BSA. Under 
optimal conditions, a stock solution of 0.6# CrCl.^j in 
dHgO was composed and diluted 1:400 in O.15 M saline for 
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use. To 0 . 9  ml of saline were added, consecutively, 
0.9 ml saline, 0.1 ml of 2.1 mg/ml DNP^^BSA, 0.1 ml 
packed SRBC, and O.3 ml of diluted CrCl^. The mixture was 
incubated at room temperature for 5 minutes with agitation 
at times 0, 2.5» and 5 minutes. The tube was filled with 
saline solution and the cells washed three times. 
TNP labeling of SRBC 
SRBC were labeled with the trinitrophenyl group by 
the procedure of Rittenberg and Pratt (I969). 60 mg of 
2,4,6-trinltrobenzene sulfonic acid (Sigma Chemical Co.) 
were dissolved in 2.1 ml of 0.28 M cacodylate buffer, 
pH 6.9 and 18.9 ml 0.15 M saline in a 50 ml Erlenmeyer 
flask. SRBC were washed three times with cold modified 
barbital buffer (MBB). The buffer was prepared by dis­
solving 2.875 g barbital and 1.875 g sodium barbital in 
500 ml dHgO near the boiling point in a 1 liter volumetric 
flask. Next were added O.O83 g of anhydrous CaClg, 
followed by 0.5077 g MgClg'ôHgO, and then 42.5 g NaCl. 
The volume was adjusted to 1 liter before the solution 
cooled. The volume was readjusted to 1 liter after the 
solution had cooled to room temperature and the buffer 
stored at 4°C until used. The buffer was diluted 1:4 
in dHgO for use. 2 to 3 ml of washed, packed SRBC were 
slowly added to the flask with constant stirring. The 
mixture was allowed to incubate at room temperature with 
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constant stirring for 10 minutes. The cells were placed 
in test tubes and washed three times with cold MBB 
containing 0.63 g of glycyl-glycine per 100 ml buffer. 
The cells were resuspended and stored in MBB. 
DNP labeling of SRBG 
SRBC were labeled with dinitrofluorobenzene using 
the procedure of Layson and Sehon (I967). 20 ml of O.15 M 
EDTA buffer, pH 8.4, 9 ml of 0.I5 M NaCl, and 1 ml of 
packed SRBC were placed in a 200 ml beaker at room 
temperature. The SRBC had been washed with PBS containing 
glucose. With constant stirring, 0.3 ml of 5?^ (w/v) 
dinitrofluorobenzene (Sigma Chemical Co.) in acetone were 
added dropwise to the mixture. The beaker was covered to 
protect the mixture from light and the reaction allowed 
to proceed at room temperature for 20 minutes. The reaction 
was stopped by the addition of 100 ml cold PBS containing 
1^ glucose and 0.5% BSA. The cells were washed three 
times with, and stored in, the same buffer. 
Hemagglutination Assay 
Cells which had been labeled with the DNP group 
using the DNP-Fab, glutaraldehyde and CrCl^ methods were 
assayed by a hemagglutination assay using a rabbit anti-
DNP-OVA antiserum. The antiserum was first adsorbed with 
SRBC by mixing equal volumes of serum with packed, washed 
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SRBC at room temperature for 1 hour. The serum was then 
serially diluted in PBS in 0.5 ml amounts. 0.4 ml of PBS 
and 0.1 ml of yfo labeled SRBC in PBS were added to each 
tube. The tubes were vortexed, incubated at 37°C for 1 
hour and then overnight at 4°C. Hemagglutination was 
graded by the following scale: (-) solid button; (+) 
irregular button; (+) carpet with partial button; 
(++) majority of the cells as a carpet; and (+++) full 
carpet. 
Complement Mediated Lysis of Labeled SRBC 
Serial dilutions of SRBC-adsorbed rabbit anti-DNP-
OVA serum were made in Dulbecco's phosphate buffered 
saline (DPBS) in 1.0 ml amounts. Dulbecco's PBS was 
prepared from three solutions. The first solution 
contained 40.45 g NaCl, 1.45 g KCl, 1.45 g KHgPO^ and 
5.79 g NagHPO^ in 400 ml dHgO. Solution two contained 
0.95 g of CaClg in 50 ml dHgO. Solution three contained 
0.95 g of MgClg'ôHgO in 50 ml dHgO. For use, 80 ml 
of solution one were added to 900 ml dHgO followed by 
sequentially, 10 ml of solution two and 10 ml of solution 
three. For sterile DPBS, the solutions were autoclaved 
before combining for use. To each tube were added 1.0 ml 
of a solution of DNP-labeled SRBC in DPBS. The tubes 
were vortexed and incubated for 30 minutes at 37^C. The 
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cells were spun down and resuspended in 2.0 ml of DPBS. 
0.2 ml of goat anti-rabbit serum, diluted 1:100 in DPBS, 
was added to each tube, the tubes mixed and incubated at 
37°G for 30 minutes. The cells were again spun down and 
resuspended in 2.0 ml of DPBS. 1.0 ml of 1:10 normal 
guinea pig serum in DPBS was added to each tube, the 
tubes mixed, and incubated at 37°C for 1 hour. The tubes 
were centrifuged and the absorbance of the supernatants 
read at 576 nm. 
Preparation of Spleen White Blood Cells 
Isolation on ficoll-hvpaque 
The spleen was excised from the animal and placed on 
a 40-mesh stainless steel screen. The spleen was infused 
with 1.0 ml of medium and forced through the screen into 
a 10 ml beaker. The suspension was run through a 26 
guage 3/8 inch needle (Becton, Dickenson and Co., 
Rutherford, NJ) and 0.2 ml layered over 0.2 ml of ficoll-
hypaque (/0= 1.080) in a 400 pi microfuge tube (Beckman 
Instruments). Ficoll-hypaque was prepared by combining 
appropriate amounts of 9^ ficoll (Pharmacia Fine Chemicals, 
Piscataway, NJ) and 3^% sodium hypaque (Winthrop Labora­
tories, New York, NY). The specific gravity of each 
solution was measured with a hydrometer (Scientific 
Products, Evanston, IL). Appropriate amounts for each 
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solution were calculated for a final density of 1.080 
and the solutions combined. The final density was 
remeasured and adjusted, if necessary, with the appro­
priate solution. The tubes were spun in a Beckman 
microfuge for 2.5 to 3 minutes. The cells were removed 
from the interface, washed once with medium, and resus-
pended in medium. The number of viable nucleated cells 
were counted using the trypan blue dye exclusion assay 
and a hemocytometer (American Optical, Buffalo, NY). 
Ammonium chloride lysis of red blood cells 
The spleen was suspended as outlined above. The 
cells were centrifuged out of suspension and washed once 
with medium. The washed pellet was resuspended in 1,0 ml 
buffered ammonium chloride solution (0.155 M NH^Cl, 
0.01 M KHCO^ and 0.1 M EDTA in dHgO, pH adjusted to 
7.4 with 1 M HCl at 0°C) at 0°C in an ice bath. The 
tube was mixed every minute for 10 miriuLea. 1.0 ml of 
heat inactivated PCS was layered under the cells and the 
tube centrifuged to pellet the cells. The pellet was 
resuspended in 1.0 ml of ice cold 9:l::ammonium chloride ; PCS. 
Again, the tube was mixed every minute for 10 minutes. 
1.0 ml of PCS was layered under the mixture and the tube 
centrifuged. The cells were washed once with medium and 
the number of viable cells determined by the trypan blue 
dye exclusion assay in a hemocytometer. 
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Cytotoxicity Tests on Spleen White Blood Cells 
The spleen white blood cell populations of the 
allophenic and the backcross generation mice were typed 
for surface antigens using a microcytotoxicity assay 
coupled with trypan blue dye exclusion (Warner ejb aJ.. 
1976). 10 pi of the typing antisera, at a dilution in 
medium found to yield maximal cell death using minimal 
antisera, were placed in a 250 pi or a 400 pi microfuge 
tube using a capillary tube. Next, 10 pi of spleen white 
blood cells, isolated by the ficoll-hypaque method 
described above and previously adjusted to a concentration 
of 6 X 10^ cells/ml, were added to the tube. The tubes 
were mixed and incubated at 37°C in 79^ COg for 1 hour. 
10 pi of normal guinea pig serum at a 1:2 dilution in 
medium were then added and the tubes mixed and incubated 
a further hour. 10 pi of 0.4% trypan blue in 0.15 M 
iN'aCl (Grand Island Biological) were added and the tube 
incubated at room temperature for a minimum of 10 minutes. 
The number of live and dead cells in a representative 
sample of at least 200 cells was counted in a hemocytometer. 
Assays were performed in duplicate with corrections made 
for the killing in control assays. The antisera (anti-
spleen and anti-thymus sera) used in typing the allophenic 
mice were produced in our laboratory. Specific anti-H-2 
antisera used in typing the backcross generation mice 
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were obtained from the Research Resources Branch, 
National Institute of Health, Bethesda, MD. 
Anti-DNP Plaque Forming Cell Assay 
A modification of the microscope assay described by 
Dresser and Greaves (1973) was followed. Precleaned 
microscope slides, frosted at one end (Bellco, Vineland, 
NJ or Fisher Scientific Co.) were coated by submerging 
in 0.5% agarose (Sigma Chemical Co. or BioRad Laboratories) 
in dHgO, and drying in a horizontal position. The slides 
were stored in a dust free atmosphere at room temperature 
until used. SRBC were labeled with TNP by the procedure 
of Rittenberg and Pratt (I969) as described above. 
On the day of assay, the precoated slides, pasteur 
pipettes (Fisher Scientific Co.) and 1 ml disposable 
pipettes (Falcon Plastics) were preheated to 4l°C on a 
slide warming tray (Chicago Surgical and Electrical Co., 
Melrose Park, XL). A 0.75^ solution of agarose in medium 
was prepared by dissolving the agarose in dKgO to half 
the final volume, cooling the solution to 4l°C, and then 
adding an equal volume of 2X Modified Eagle's Medium 
(Grand Island Biological) which had been preheated to 
44°C. The solution was held at 44°C in a water bath in 
0.9 ml aliquots in disposable glass test tubes. Each 
tube received 0.1 ml of a 10^ solution of TNP-SRBC in 
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Modified Eagle's Medium. An appropriate amount of a 
white blood cell population isolated by the ficoll-
hypaque method outlined above, was then added to the 
tube, the tube vortexed, and 0.4 ml aliquots placed on 
each of two preheated slides. Each aliquot was spread 
evenly across the surface of the slide using the narrow 
part of a prewarmed pasteur pipette. The slides were 
transferred to a cool level surface to allow the gel to 
set. After setting, the slides were transferred face 
downwards onto culture trays designed by Dresser and 
G r e a v e s  ( 1 9 7 3 )  ( s e e  f i g u r e  9 ) .  
The slides were incubated for 2 to 3 hours at 37°C 
in a humid atmosphere containing 7% COg in air. A 1:75 
dilution of rabbit anti-mouse IgG (Miles Laboratories or 
prepared in our laboratory as previously described) was 
then flooded under the slides to develop indirect plaque 
forming côlls, After a further hour of incubation, the 
slides were transferred to the other channel of the tray, 
and a 1:10 dilution of normal guinea pig serum (Grand 
Island Biological or Miles Laboratories) in MSB was 
flooded under the slides. After 1 hour, the slides were 
removed, fixed in (w/v) glutataldehyde in iVIBB or 
0,15 M NaCl and washed overnight against distillea 
water before air drying. The plaques were counted 
using lOOX magnification, and the number of plaque forming 
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Figure 9. Diagram of the trays used in the plaque 
forming cell assay. 
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cells was adjusted to the number per 10^ spleen white 
blood cells. 
The criteria used for identifying plaques were 
(1) a circular area of lysis, (2) visible stroma from 
lysed SRBC, and (3) a whole or lysed white blood cell 
visible in the center of the area of lysis. 
Column Fractionation of Serum for Plaque Assay 
When it was discovered that preincubation of spleen 
white blood cells with normal mouse serum inhibited the 
development of plaque forming cells, the serum was 
fractionated over various columns in an attempt to 
further identify the inhibiting substance(s). All gels 
used for the columns were hydrated in PBS at 90°C. The 
gels were degassed and then poured into columns being 
careful to avoid currents leading to uneven laying of the 
gel. 0.5 ml of normal Cfl male serum was placed onto 
the columns. Appropriate fractions were collected and 
condensed in a Minicon-B (Amicon Corp,) to the original 
0.5 ml volume. 
A 1.8 X 30 cm column of Sephadex G-lOO (Sigma 
Chemical Co.) was prepared in PBS. Serum which had been 
salt cut twice with 38% saturated and dialyzed 
against PBS for 24 hours was passed over the column. 
Another serum sample which had been heat inactivated and 
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then dialyzed against PBS for 24 hours was also passed 
over the column. The column was run at 25 cm pressure 
with 2.5 ml fractions collected. The protein concen­
tration was estimated qualitatively by adding 20 pi of 
a fraction to 20 pi 0.04^ Coommassie Brilliant Blue G 
in 3.5% perchloric acid in a Titertek 96 well disposo 
tray (Flow Laboratories). Each fraction was graded for 
blue color intensity. The profile obtained is presented 
in figure 10. Fractions 10 and 11 were combined and 
concentrated to 0.5 ml. 
A 1.2 X 53 CM column of Bio-Gel P300 (5O-IOO mesh, 
BioRad Laboratories) was prepared in PBS. A mixture of 
1 mg/ml blue dextran (M.W. greater than 10^), 5 mg/ml 
bovine gamma globulin (M.W. l60,000d), 5 mg/ml bovine 
serum albumin (M.W. 66,500d), 5 mg/ml bovine hemoglobin 
(M.W. 65»000d), and 1 mg/ml cytochrome C (M.W. 13,000d) 
was passed over the column at 4-0 cm pressure and 0.93 ml 
fractions collected (flow rate of 4-5 ml/hr). The 
absorbance at 280 nm was measured along with the absor­
bance at 550 nm. The absorbance at 550 nm was measured 
to locate the hemoglobin and cytochrome C fractions. The 
resulting elution pattern is shown in figure 11. For the 
serum fractionation, the pressure was increased to 30 cm 
with 0.5 ml fractions collected (flow rate of 'j-6 ml/hr). 
The elution pattern is shown in figure 12. Fractions 
Figure 10. Elution profile of normal mouse serum after 
passage over a 1.8 x 30 cm column of Sephadex 
G-lOO in PBS. Sera were pretreated and the 
column run as described in the text. Fractions 
of 2.5 ml were collected. 
Heat Inactivated and Dialyzed Serum 
Salt Cut and Dialyzed Serum 
24 28 16 32 8 1 2  20 4 
Fraction Number 
Figure 11. Fractionation of a mixture of blue dextran, 
bovine gamma globulin (BGG), bovine serum 
albuiuin (BSA), bovine hemoglobin (Hb), and 
cytochrome c on a 1.2 x 53 cm column of 
Bio-Gel P300 in PBS. Fractions of 0.93 ml 
were collected. See text for a description. 
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Figure 12. Fractionation of normal CFl serum on a 
1.2 X 53 (îm column of Bio-Gel P300 in 
PES. Fractions of 0.5 ml were collected. 
See text for a further description. 
Absorbance at 280 nm 
o o o o o o o o  
ro Vjj f- ON -sj 00 
a" Vjj 
(D 00 
o 
00 
86 
99 
14-21, 22-28, 29-34, and 35-54 were pooled and concentrated. 
A 1.2 X 57 cm column of Sephadex G-25 (300 mesh, 
Sigma Chemical Co.) was prepared. Serum was passed over 
the column at 25 cm pressure with 1.0 ml fractions 
collected. The elution pattern is shown in figure 13. 
Fractions 8-10, 19-26, 50-52, 53-55, and 56-61 were 
pooled and concentrated to 0.5 ml. 
Primary Cultures of White Blood Cells 
Cultures were set up following the general procedures 
outlined by Mishell and Button (I967). All cells were 
prepared identically, with the major variations occurring 
in the set up and incubation of the cultures. The medium 
used throughout was RPMI 1640 containing 25 mM HEPES 
buffer (ISI Biologicals, Cary, IL or Grand Island 
Biological). The medium was supplemented with 1000 
units/ml penicillin G (Sigma chemical Co.) and 100 pg/mi 
streptomycin (Sigma Chemical Co.) and passed through a 
0.22 pm Millipore filter. Prior to use, the medium was 
supplemented with 200 mM glutamine (Grand Island Biological) 
that had been passed through a 0.22 jam Millipore filter, 
to a final concentration of 2 mM. 
Prior to the experiment, all the equipment which 
would be used was placed in a Sterigard tissue culture 
hood (The Baker Co., Sanford, ME). The materials were 
Figure 13- Fractionation of serum on a 1.2 x 57 cm 
column of Sephadex G-25. 1.0 ml fractions 
were collected as described in the text. 
Absorbance at 280 nm 
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left in the hood for 15 to 30 minutes with the air 
circulating and the germicidal lamp on. 5 minutes prior 
to starting the experiment, animals were killed by cervical 
dislocation and soaked with 70^ ethanol in dHgO. 
peritoneal exudate cells were prepared by first 
cutting only the skin layer of the animal. The skin was 
then split apart over the peritoneal cavity leaving the 
peritoneal membrane intact. 2.5 ml of medium was then 
flushed into the cavity using a 5 ml syringe with a 
21 guage 1 inch needle (Becton Dickenson and Co.). The 
animal was rocked to agitate the fluid in the cavity. 
The fluid was then drawn off from the side of the cavity 
using a 1 ml tuberculin syringe with a 26 gauge 3/8 inch 
needle (Becton Dickenson and Co.). Usually about 2.0 ml 
of fluid could be drawn off. The cells were equally 
distributed into four wells of a Linbro 24 well disposable 
tissue culture plate (Flow Laboratories) and incubated for 
1 hour at 37°C in 7% COg. Using a pasteur pipette, the 
monolayers that resulted were washed twice with medium 
before setting up for culture. 
The spleen and/or mesenteric lymph nodes were 
excised from the animal and placed on a sterile 40-mesh 
stainless steel screen over a 10 ml sterile beaker. The 
spleen/lymph node was infused with 1 ml of medium and 
forced through the screen into the beaker. A single cell 
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suspension was created by running the spleen/lymph node 
through a 26 gauge needle. The suspension was transferred 
to a 1.5 ml microfuge tube and the tube filled with 
medium. The tubes were spun for 30 seconds in a Beckman 
Microfuge-B and the cells washed once with medium. 
Clumps of connective tissue which formed were removed by 
angling the pasteur pipette used for resuspending the 
cells so that the clumps were retained by the pipette. 
The cells were diluted 1:100 in PBS and the suspension 
counted in a hemocytometer for the number of nucleated 
cells present. Lymph node suspensions were usually 
diluted 1:25 in PBS for counting. 
The cultures were set up using a 200 pi variable 
pipette (Gilson P200, Gilson Medical Electronics, 
Middleton, Wl) to add a volume of cells calculated to 
contain 6.5 x 10^ cells to O.7 ml of medium in a well of 
the tissue cultiji.re plate? Th0 volu.îTîB in th0 wells were 
equalized by the addition of medium. 0.1 ml of medium 
with or without I6 pg of antigen were added to the cultures 
and the cultures placed in a controlled environment 
incubator (WEDGO Incorp., Silver Spring, MD) set at 7^ 
COg. The cultures were fed 0.1 ml of fresh medium after 
every 24 hours of culture. 
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viability determinations 
When culture viability was measured, the cells in 
a well were first suspended using a rubber policeman. 
The suspension was transferred by pasteur pipette to a 
12 X 75 mm disposable glass test tube and the tubes 
centrifuged for 10 minutes in a table top centrifuge 
at two-thirds maximal speed. The pellet was resuspended 
in 0.4 ml of medium. The cells were diluted 1:10 by 
adding 0.1 ml of cell suspension to 0.8 ml of medium 
and 0.1 ml of 0.4% trypan blue in 0.15 M NaCl (Grand 
Island Biological). The tubes were incubated at room 
temperature for 10 minutes and then counted for cell 
number and viability using a hemocytometer. 
^H-thymidine incorporation 
Cultures were examined for their ability to incor-
3 porate H-thymidine as a measure of DNA synthesis. 
Cultures, set up as outlined above, were allowed to 
incubate for 72 hours. Then the cultures were fed with 
0.1 ml of medium which contained 1 \xCi of (methyl-^H)-
thymidine (6.7 Ci/mM, New England Nuclear). The cultures 
were incubated for a further 20 to 24 hours. At this 
point, the supernatants were carefully removed, using a 
1.0 ml variable pipette (Gilson PIOOO, Gilson Medical 
Electronics) and discarded. The method outlined by 
Litman (I968) was used to assay for label incorporation. 
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0.15 ml of 1.5^ deoxycholic acid (Sigma Chemical Co.) in 
dHgO, heated to 55°C, was added to each well. The 
plate was placed onto a rotating apparatus (A.H. Thomas 
Co., Philadelphia, PA) and rotated for 15 to 30 minutes. 
75 pi aliquots were then spotted on each of two 23 mm 
diameter Whatman DE 81 paper discs (Whatman Corp., 
Clifton, NJ). The well was washed twice with 75 pi of 
0.01 M Tris buffer, pH 7.4, containing 0.5% BSA. The 
washings were spotted on additional paper discs. The 
papers were then placed to wash in a 12 x 18 x 2i inch 
Pyrex glass tray (Corning Glass, Corning, NY) containing 
4 liters of 0.5 M sodium phosphate, pH 9-2. The papers 
were allowed to soak for 3 days, with the buffer replaced 
after 24 and 48 hours. 
After 72 hours, the papers were washed with dH20, 
two changes of 95^ ethanol, and one change of ether. The 
papers were then air dried and counted in 10 or 12 ml of 
toluene fluor (18.6 g PPO and 0.94 g POPOP to 1 gal. 
toluene) in a Packard Tri-Carb 2405 liquid scintillation 
counter. After removing the filter paper, the fluor was 
reused until either the background counts exceeded 
100 cpm or the fluor volume fell below 10 ml. 
Plaque forming cell development 
To develop plaque forming cells, the medium used in 
the wells and for the feedings was supplemented with 5% 
106 
heat inactivated fetal calf serum (PCS). The cultures 
were allowed to incubate for 120 hours (5 days). The 
monolayers were suspended by scraping the plates with a 
rubber policeman and removing the cells with a pasteur 
pipette. The cells were transferred to a 12 x 75 mm 
disposable glass test tube and spun from suspension in 
a tabletop centrifuge at two-thirds maximum speed. The 
cell button was resuspended in 0.4- ml of medium. Often 
to increase the cell number, the cells from duplicate 
cultures were pooled. 0.2 ml of the cell suspension 
was added to 0.8 ml of agarose-medium and 0.1 ml of 10% 
TNP-SRBC and 0.4 ml plated as described in the plaque 
assay outlined above. Another 0.1 ml of the suspension 
was diluted 1:10 in 0.8 ml of medium containing 5% PCS and 
0.1 ml of 0.4% trypan blue in 0.15 M NaCl. After 10 
minutes, the number of viable nucleated cells was 
counted. The Lotal number Ox cells removed from the well 
and the number of cells assayed per slide in the plaque 
assay were calculated. 
Miscellaneous Biochemicals 
Fetuin, isolated by the Spiro method, was purchased 
from Grand island Biological. Mouse gamma globulin was 
obtained from Miles Laboratories. Blue dextran was 
purchased from Pharmacia Fine Chemicals, Piscataway, NJ. 
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Methylated bovine serum albumin (MBSA), bovine 
hemoglobin, cytochrome C, spermine tetrahydrochloride, 
17 beta-estradiol, 17 alpha-ethynylestradiol, 
progesterone, 17 alpha-ethynyltestosterone, and 
diethylstilbestrol were purchased from Sigma Chemical 
Co. 
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RESULTS 
Antigen 
The stability of the DNP-antigens used in these 
studies was investigated. After synthesis, the antigen 
was normally protected from light and stored at -20°C 
for up to 9 months. To assure that extensive degradation 
had not taken place over this time period, a sample 
which had been stored for 6 months was passed over a 
0.9 X 20 cm Sephadex G-25 column in an attempt to separate 
uncoupled DNP from the conjugated protein. 1 ml fractions 
were collected and the absorbance measured at 36O nm. 
The elution profile is shown in figure 14. There is no 
evidence for uncoupled DNP being present in appreciable 
amounts after 6 months of storage. 
The identity of the DNP-antigens used in these 
studies was examined due to certain inconsistencies which 
arose during the course of these studies. Initial 
attempts to measure the anti-carrier antibody present in 
the serum of immunized mice using reverse radial immuno­
diffusion proved negative. These attempts were made 
using the same lot of BGG used for immunization (# 125C-
0094, Sigma Chemical Co.) and a second lot of BGG (#028G-
0216, Sigma Chemical Co.). The first lot, in fact did 
not show any precipitates using a known anti-BGG serum 
Figure 14. Elution profile after passage of a 6 month 
old sample of DNP-HGG over a 0.9 x 20 cm 
column of Sephadex G-25 in PBS. 1 ml 
fractions were collected as described in 
the text. 
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prepared in rabbits (obtained from Miles Laboratories) 
and used for the standard curve. The supplier of the 
unreactive BGG (Sigma Chemical Co.) was contacted and 
it was suggested that the source of the gamma globulin 
may be human and not bovine. A number of procedures 
were used to test this hypothesis. 
A preliminary test was made using an Accra Assay 
Human RID kit (Miles Laboratories), The kit is a radial 
immunodiffusion test for quantitating human igG levels. 
It consists of a gel containing goat anti-HGG antibodies 
and three samples with known concentrations of HGG. 
The plates are read after 24 hours according to the 
procedure of Fahey and McKelvey (19^5)• The plate was 
set up using 1 mg/ml HGG (Miles Laboratories), 1 mg/ml 
BGG (lot # 125C-0094), 1 mg/ml BGG (lot # 028C-0216), 
and the known human reference sera containing 16.7» 
8.35 and 4.17 mg/ml HGG. The results, shown in figure 
15a, indicate that lot # 125C-0094 of BGG has properties 
more like HGG than BGG. 
A double immunodiffusion assay was then set up using 
rabbit anti-HGG (Miles Laboratories) and rabbit anti-BGG 
(Miles Laboratories) in the center wells, with HGG, 
BGG (lot # 1250-0094) and BGG (lot # 028C-0216) in the 
outer wells. These results, shown in figure 15b, also 
indicate that lot # 125C-0094 of BGG has properties more 
Figure 15. Analysis of the antigens used in these 
experiments. 
a. Accra Assay radial immunodiffusion analysis of 
the antigens. The gel contained goat anti-HGG. 
The contents of the wells are as follows : 
(1) 1 mg/ml HGG, (2) 1 mg/ml BGG (Sigma lot 
# 028c-0216), (3) 1 mg/ml BGG (Sigma lot # 
1250-0094), (4) 16.7 mg/ml HGG, (5) 8.35 mg/ml 
HGG, (6) 4.17 mg/ml HGG. The center five wells 
contain, from bottom to top, two-thirds dilutions 
of HGG starting with 1 mg/ml. 
b. Double immunodiffusion analysis of the antigens 
used in these experiments. The contents of the 
wells are as follows; (1) 1 mg/ml HGG, (2) 1 mg/ml 
BGG (Sigma lot # 0280-0216), (3) 1 mg/ml BGG 
(Sigma lot # 1280-0094); (A) rabbit anti-BGG 
antiserum, and (B) rabbit anti-HGG antiserum. 
c. Immunoelectrophoresis analysis of the antigens 
used in these experiments. The contents of the 
wells are (1) 1 mg/ml HGG, (2) 1 mg/ml BGG 
(Sigma lot # 1250-0094), and (3) 1 mg/ml BGG 
(Sigma lot # 0280-0216). The troughs contain a 
1:7 dilution of rabbit anti-BGG antiserum (A), 
and a 1:7 dilution of rabbit anti-HGG antiserum (B). 
d. Polyacrylamide gel isoelectric focusing of the 
antigens used in these experiments. The antigens 
focused are (1) 100 ^g of BGG (Sigma lot # 
0280-0216); (2) 100 I.ig of BGG (Sigma lot # 
1250-0094), and (3) 100 pg of HGG. 

un­
like HGG than known BGG (lot # 0280-0216). 
These results are reinforced by the results of 
immunoelectrophoresis, shown in figure 15c. A precipitate 
is seen clearly between anti-HGG and lot # 1250-009^ 
but not with anti-BGG and lot # 1250-009^. There is a 
slight cross reactivity of BGG lot # 0280-0216 with 
anti-HGG, but this is not reciprocal, i.e., the HGG 
sample does not react with anti-BGG. 
A direct analysis of the three antigens using 
isoelectric focusing in polyacrylamide gels was performed. 
These results, shown in figure 15d, also indicate that the 
proteins present in lot # 1250-0094 of BGG are much 
more similar to those present in known HGG than those 
in known BGG (lot # 028C-0216). Another detail very 
apparent from these gels is the great heterogeneity of 
the population which is being conjugated with DNP and used 
as the antigen. 
In a letter dated June 20, 1978, Sigma Chemical Co. 
reported that "additional testing in our laboratories 
indicates that the material supplied to us (i^. e_. lot 
# I25C-OO94) Was not from a Bovine source but was of Human 
origin. These results have been confirmed in independent 
laboratories". Based on our results and this report, 
the antigen used in these studies will be referred to as 
dinitrophenylated human gamma globulin (DNP-HGG). Because 
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of the apparent differences in the composition of the 
two lots of HGG (figure 15d), they will be referred to 
as HGG^ (Sigma Chemical Co. source) and HGGg (Miles 
Laboratories source). 
The results of the conjugation procedures are 
presented in table 5. Preparation 4 was used for the 
early work in which dose and adjuvant were varied. 
Preparations 5 and 7 were used for the genetic studies, 
with preparation 11 used for the tissue culture assays. 
It can be seen that the antigen can be consistently 
synthesized if the conditions outlined are adhered to. 
It can also be seen that the protein concentration is 
readily confirmed by the procedure of Lowry et aA. (1951). 
It should be noted that the protein determination method 
outlined by Bradford (1976) using Coommassie Brilliant 
Blue G or G-250 cannot be used with DNP conjugates, 
nor can these dyes be used as a protein stain for gels with 
DNP conjugates. 
The results of the conjugation of other proteins 
are shown in table 6. 
Parameters of the Assay Methods Used 
t4 phage inactivation assay for anti-DNP antibody 
The phage inactivation assay was developed as a more 
sensitive alternative to the radioimmunoassay for anti-DNP 
Table 5- Results of the conjugation of human gamma globulin with the 
dinitrophenyl group. 
Prep. Date of Protein Concentration DNP/Protein^ Time for mg DNBS^ 
No. Synthesis Absorbance Lowry Conjugation mg HGG 
(mg/ml) (mg/ml) (hours) 
1 8/13/75 2.45° 3 . 3  42 14 200/200 
2 1/22/76 18.4 ND^ 34 4 200/200 
3 1/24/76 21.2 26.0 39 12 200/200 
4^ 2/17/76 16.5 ND 56 12 200/200 
5^ 11/18/76 8.0^ ND 56 10 200/200 
6 12/30/76 6.1^ ND 62 24 250/200 
7^ 6/ 1/76 1 5 . 8  1 5 . 3  57 10 200/200 
8 8/25/77 21.4 ND 47 10 202/200 
9 10/13/77 2 0 . 7  ND 54 10 216/200 
10 10/18/77 19. 2 ND 55 11 218/199 
llS 11/ 7/77 16.5 16.0 57 11 220/200 
12 5/23/78 17.6 ND 48 9 . 5  215/202 
13 5/27/78 16.0 ND 62 1 0 . 5  220/205 
14^ 5/31/78 1 7 . 5  18.2 59 10 220/200 
^Moles of DNP per mole of HGG 
^mg of 2,,4-dinitroberizene salfonic acid reacted with mg of human gamma 
globulin 
^Solutions were diluted before measured 
^Nd = not done 
^Preparation used for the effects of dose and adjuvant studies 
Preparations used for the studies of the genetic control of the response 
^Preparation used for in vitro studies 
^The only preparation using HGGg ^is the protein source 
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Table 6. The results of the conjugation of various 
proteins with the dinitrophenyl group. 
Protein Source me DNBS& Time for DNP per. 
Protein mg protein Conjugation 
(hours) 
Ovalbumin 200/200 10 32 
Bovine gamma globulin^ 220/200 10 55 
Bovine serum albumin 220/200 22 34 
Bovine serum albumin 100/200 i 3 
Bovine serum albumin 150/200 1 2 2 
^mg of 2,4-dinitrobenzene sulfonic acid reacted with mg 
of protein 
^Moles of DNP per mole of protein 
^Cohn fraction II 
antibody. It involves linking the DNP hapten to the 
protein coat of the coliphage. A serum sample is then 
tested for its ability to inhibit the infectivity of the 
T4 virus on the target bacteria, Escherichia coli. This 
inactivation occurs through blockage of adherence to the 
bacterial cell wall. 
The derivatization procedure is important in that it 
must achieve a balance between enough hapten to be 
recognized by the antibody resulting in inhibition, and 
too many which may inactivate the phage particles. The 
procedure used probably derivatizes all the accessible 
lysines regardless of where they are located on the 
phage. The 10 hour procedure outlined is optimal, with 
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longer derivatizatlon resulting in less surviving phage 
(Carter ejt I968). The results of two growths and 
four derivatization of phage are shown in table ?• 
The k-Ofc yield from preparation 4 is near the reported 
maximum yield of ^0^ (Carter e_t al. I968). 
Figure 16 shows the binding curves for a rabbit anti-
DNP-OVA serum and a mouse CFl strain anti-DNP-HGG^ serum 
using the T4 phage assay and the radioimmunoassay (RIA) 
under optimal conditions. It is quite evident that the 
T^ phage assay is indeed more sensitive. Table 8 
summarizes the results using both immune and normal serum. 
Table 8 also shows that the labeled phage-antibody 
reaction must proceed for 10 hours for optimal titers. 
Because of its sensitivity, the T4 phage assay can 
be a useful tool. Its increased sensitivity over a RIA 
using 10 ^ M ^H-DNP-lysine has been demonstrated (table 8). 
The sensitivity of the KiA could be increased using a 
higher specific activity preparation of ^H-DNP-lysine. 
The sensitivity of the T^ phage assay is reported to be 
in the nanogram range (Carter ejt al. I968). This sensi­
tivity can be increased further through the use of an 
antiserum directed against the primary anti-DMP antiserum 
tested (Carter et a^. I968). A further increase into the 
picogram range has been reported by using aminocaproate 
as a spacer between the DNP hapten and the phage proteins 
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Table 7» Results of the growth and dériva I iz,ation of 
T4 phage.& 
Preparation Growth 1 Growth 2 % Yield^ 
0° 3.0 X 10? 2.5 X 10^ -
1 6.0 X 10^ - 2 
2 1.5 X 10^ - 5 
3 - O" 0 
4 - 1.0 X 10^ 40 
^All values expressed in plaque forming units per ml 
yield = (DNP-T4/T4) X 100 
= underivatized phage concentration 
^Mixture not protected from heat generated by stirrer 
Table 8. A comparison of serum antibody titers as 
determined by radioimmunoassay (RIA) or by 
T^ phage inactivation (T^l). 
Serum Assay Time of 
Ag-Ab 
Reaction 
(hours) 
Logg 50# 
Point^ 
Normal Rabbit t4i 10 0 
RIA 1 0 
Rabbit anti-DNP-OVA t4i 10 15 
RIA 1 9 
Normal CFl T4i 10 0 
RIA 1 0 
CFl anti-DNP-HGG, T4i 1 10 1 t4i 4 11 
t4i 10 14 
t4i 24 13 
RIA 1 7 
This value is the nearest logp value for the reciprocal 
of the serum dilution which gives SOfo binding in the 
RIA or ^Ofc inhibition in the T4l. 
Figure l6. Binding curves for normal mouse serum (NMS), 
normal rabbit serum (NRS), anti-DNP-HGG mouse 
serum, and anti-DNP-OVA rabbit serum using 
a radioimmunoassay (RIA) or a phage 
inactivation assay (T^I). The procedures 
are described in the text. 
T4i Rabbit 
anti - DNP 
T4I-»^ 
Mouse 
anti-DNP 
RIA Rabbit 
anti -DNP 
RIA-*) 
Mouse 
anti -DNP 
Serum Dilution 
123 
(Becker and Mâkelâ 1975). The increased sensitivity of 
the T4 phage assay is reportedly due to an increased 
ability to detect lower affinity antibodies, making it 
more capable of detecting IgM isotype antibody (Del Guerico 
et al. 1976). 
Another advantage of the assay is the relative ease 
in obtaining materials. The major disadvantages of the 
assay are the subjectivity involved in recording the results 
and the greater number of man-hours involved in setting 
up and performing the assay. 
Radioimmunoassay 
A number of experiments have been performed in an 
attempt to maximize the sensitivity and reproducibility 
of the radioimmunoassay (RIA). The original procedure 
involved the precipitation of the antibody-hapten complex 
after 1 hour with 100^ saturated (NH^jgSO^. The results 
from a number of experiments are shown in Laule 9- The 
serum used throughout was an anti-DNP-OVA serum prepared 
in rabbits with normal rabbit serum used as a control. 
The one hour incubation period of serum antibody with 
labeled hapten gives the maximum possible reaction, 
establishing an equilibrium which does not apparently 
fluctuate upon further incubation. Incubation at 37°C 
does not appear to increase the titer obtained. The 
precipitation reaction also reaches a maximum after one 
Table 9» Results of experiments designed to examine the parameters of the 
radioimmunoassay. 
Exp. 
Sample 
Cone. 
sat.) 
PH Ag-Ab 
Temp. 
(°c) 
Ag-Ab 
Time 
(hr. ) 
Precipitation 
Time 
(hr. ) 
Logg 
Titer^ 
100 5.8 4 1 1 2 
2 100 5.8 4- 1 1 2 8 
100 5.8 4 1 1 9 
4' 100 5.8 4- 1 li 9 
100 5.8 4 1 2 9 
6 70 5.8 4 1 i 5 
7 70 5.8 4 1 1 6 
6 70 5.8 4 1 H 6 
9 70 5.8 4 1 2 ND^ 
10^ 100 6.8 4 1 1 2 
11 100 6.8 4 1 1 9 
12 70 6.7 4 1 1 8 
13 100 5.8 4 1 1 9 
14 70 5.8 4 1 1 5 
15 70 6.7 4 1" 1 8 
16 70 6.7 4 1 1 9 
17 70 6.7 4 16 1 9 
18 70 6.7 4 1 1 9 
19 70 6.7 37 1 1 8 
20^ 70 6.7 4 1 1 0 
^'Nearest log^ value for the reciprocal of the serum dilution which gives 
33^ "binding of a 10"^ M solution of ^H-DNP-lysine 
^These values are for normal rabbit serum 
^ND = not done 
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hour. It was also found that the final ammonium sulfate 
concentration and the pH influence the serum titers. 
Zav'yolov e_t al. (1975) have found that a human IgG 
myeloma protein undergoes structural changes between pH 
6.0 and 6.5. Table 9 (examples 12 and 14) also shows 
reduced titers using ammonium sulfate at pH 5-8. For 
these reasons, the pH of the ammonium sulfate was 
adjusted to the near physiological condition of pH 7.0. 
It was also found that final ammonium sulfate concentrations 
above ^0% saturation can lead to nonspecific binding of 
the hapten (examples 1 and 10). The conditions used 
throughout these studies, therefore, are 70^ saturation 
and pH 6.8, because of the resulting high sensitivity 
with least nonspecific binding. 
Sepp'àlâ (1975) has reported that precipitation of 
equilibrated hapten-antibody complexes with ammonium 
sulfate does not freeze the equilibrium, but establishes 
an altered equilibrium at the increased volume. We have 
confirmed this report (see table 10) by demonstrating an 
increase in serum titers through the use of 100 pi of 
100^ saturated ammonium sulfate, pH 7.0, to precipitate the 
complex instead of 200 pi of 70% saturated ammonium 
sulfate, pH 7.0. In such a shifting equilibrium, it 
would be the lower affinity antibodies that would first 
free the bound hapten. This may be the reason why this 
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Table 10. The effect of the final volume on the ABC.,., 
value obtained by RIA using CFl anti-DNP ^ 
and normal serum. 
Serum ^ Sat. Amt. Final 
(NH^igSO^ (NH^igSO^ # 
Added Added Sat. 
Volume 
Counted 
(ul) 
Log, 
ABC 33 
Normal 70 200 4-7 100 0 
Anti-DNP 70 200 47 100 6 
Normal 100 100 50 66 0 
Anti-DNP 100 100 50 66 7 
Table 11. Evaluation of the effect of ammonium sulfate 
on the counting efficiency for the system used 
in radioimmunoassays.& 
Experiment 1 Experiment 2 
io (NH^igSO^ 
Saturation 
cpm^ of 
Ave. 
cpm Saturation 
cpm of 
Ave. 
cpm 
0 8546 100 0 1716 100 
10 8463 99 9 1703 99 
20 8503 100 18 1691 98 
30 8465 99 27 1780 103 
40 8494 100 36 1770 103 
50 8622 101 45 1732 101 
60 8531 100 54 1718 100 
70 8457 99 63 1724 100 
80 8399 99 72 1727 100 
90 8427 99 81 1715 100 
100 8768 103 90 1666 97 
Ave 8516 Ave 1722 
^•See text for discussion of experimental design 
^Samples were counted for 10 minutes each 
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technique lacks sensitivity in the lower affinity ranges 
(Del Guercio ejt al. 1976). Our results are all inter­
nally consistent, however, since we have used the same 
conditions for all the assays. 
Dr. Gerald Schiffman of the Dept. of Microbiology 
and Immunology at the Downstate Medical Center in New 
York, has suggested that ammonium sulfate acts as a 
quenching agent in some systems and, therefore, the 
precipitate should be assayed for counts at the end of the 
precipitation step. Two simple experiments were performed 
to test the quenching effects of ammonium sulfate. In 
the first, 100 pi of 10~® M ^H-DNP-lysine were added to 
10 ml of Bray's solution followed by 100 pi of ammonium 
sulfate solutions varying in saturation from 0% to 100%. 
In the second, the 100 pi of ^H-DNP-lysine were added to 
0.9 ml of the various ammonium sulfate solutions, and 
then 200 pi of this solution counted in 10 ml of Bray's 
solution. The vials were counted for 10 minutes. The 
results, presented in table 11, show no obvious effect of 
ammonium sulfate as a quenching agent. The ammonium 
sulfate can be seen as a precipitate in the bottom of 
the vial. 
Reverse radial immunodiffusion 
The technique outlined by Vaerman ^t a2. (1969) 
offers a simplified and direct procedure for measuring 
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antibody concentrations in the microgram range. The 
system is highly accurate since the major sources of 
error from the investigator are the volume of serum 
added (less than 5% error using a 25 f^il Hamilton syringe) 
and the ring diameter measurement (less than 5^ using the 
profile projector). The assay is reproducible to within 
10%. 
Three buffers were tested for use in the system: 
PBS, 0.1 M sodium barbital buffer, pH 8.6, and MBB 
(see TNP labeling of SRBC for a description). Rabbit 
anti-BGG, rabbit anti-DNP-OVA, and mouse anti-DNP-HGG^ 
were tested against DNP^^BSA incorporated in the gel. 
The gels were evaluated for ring size and appearance. 
Rings from the gels with PBS were larger and more 
diffuse than those obtained with either barbital buffer. 
The barbital buffers yielded smaller ring diameters and 
the precipitates tended to be more sharply defined. 
Although both barbital buffers yielded defined precipi­
tates, the MBB gave consistently larger precipitates than 
the barbital buffer. Due to a slightly greater sensitivity 
to sera with lower titers and as a measure of convenience, 
the PBS was used for all the experiemnts. Figure 17 
shows the excellent correlation between the RIA and reverse 
radial immunodiffusion using individual samples. For 
this reason, only reverse radial immunodiffusion was used 
Figure 17. Correlation of the titer by radioimmunoassay 
to the antibody concentration by reverse 
radial immunodiffusion for individual mice 
of six inbred strains of mice, assayed as 
described in the text. The line is the least 
squares linear regression through the points. 
(•)SJL; (O) Aj (•) C57BL/6; (•) C57BL/lOSn 
(4 )CBA; (À) BALB/c. 
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for the genetic analyses. A typical plate is shown in 
figure 18 (after drying and staining). 
Labeling of SRBC for anti-DNP plaque assay 
The Jerne plaque assay offers a sensitive procedure 
for determining the number of anti-SRBC antibody secreting 
cells that are present in a given cell population. 
Numerous procedures for coupling antigen to the surface 
of the SRBC have vastly extended the range of the assay. 
To use the assay for detection of anti-DNP antibody 
secreting cells, it was necessary to attach DNP to the 
surface of the SRBC. The method of labeling of the cells 
needed to be simple, reproducible, consume as little 
antigen as possible, be able to withstand a period of 
storage, and retain sensitivity to specific immune lysis. 
A number of procedures have been developed for 
coupling DNP to SRBC. A direct labeling procedure using 
fluoro-2,if-dinitrobenzene was suggested by Bullock and 
Kantor (1965)» but suffers from the need to carefully 
balance the reagents used. There is also a high degree 
of spontaneous cell lysis. Neter (1956) suggested that 
certain proteins, such as ovalbumin, which directly 
adsorb to SRBC could be derivatized and used. However, 
this procedure is limited to selected antigens (mainly 
polysaccharides and lipopolysaccharides), often requires 
aggregated or denatured proteins, and is very low in 
Figure 18. Photograph of a dried and stained reverse 
radial immunodiffusion plate. The plate 
was set up, incubated, washed, dried and 
. stained with Coommassie Brilliant Blue G 
as described in the text. The center five 
wells represent the standard curve established 
using serial dilutions of a rabbit anti-DNP-
OVA serum. The two outer rows of six wells 
each contain samples of mouse anti-DNPr^HGG, 
serum of unknown concentration. ^ 

135 
sensitivity compared to other methods. Tannic acid 
treatment of cells (Stavitsky 195^) is believed to reveal 
protein receptors to which conjugated proteins can adsorb, 
but problems include a lack of reproducibility, spontaneous 
agglutination of cells, a requirement for highly purified 
antigens, a requirement for denatured or aggregated 
protein and the loose binding of antigen to the surface. 
Various linking reagents, such as bis-diazotized benzidine 
(Stavitsky and Arquilla 1955) and carbodiimide (Habicht 
and Miller 1976) have been used, but are either carcinogens 
or tend to lyse the cells. 
The three methods which offered the most promise for 
labeling of cells with DNP were (1) the use of DNP 
conjugated anti-SRBC Fab fragments (Strausbauch et al. 1970)» 
(2) the use of the metal intermediate CrCl^ (Poston 197^. 
Coding 1976, Kafler and Wick 1977)» and (3) the use of 
glutaraldehyde as a linking agent (Lemieux et sâ. 1 9 / 4 ) ,  
SRBC were labeled with DNP by the three methods and 
assayed by passive hemagglutination using a known rabbit 
anti-DNP-OVA antiserum. The results were graded for 
both the titer and the strength of the agglutination 
pattern. The results of varying the major factors involved 
in each procedure are presented in table 12. 
The use of the Fab fragment as a linker provides a 
straightforward reaction. The problem involves the 
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Table 12. Hemagglutination titers and strengths after 
varying the major parameters of three methods 
used to label SRBC with DNP. All assays were 
performed with the same rabbit anti-DNP-OVA 
antiserum. 
Procedure Strength^ Los^ Titer^ 
DNP-Fab 
pg DNP-Fab 
30 - 0 
60 + 6.5 
90 + 8.0 
120 + 11.5 
150 + 11.5 
DNP-BSA-glutaraidehyde . 
mg DNP-BSA glutaraldehyde 
1.39 1. 0 - 0 
1.39 1. 5 + 13.0 
1.39 2. 0 ++ 13.0 
2.78 1. 0 + 12.0 
2.78 1. 5 ++ 12.0 
2.78 2. 0 ++++ 13.0 
3.78 1. 0 + 12.0 
3.78 1. 5 ++P 13.0 
3.78 2. 0 ND ND 
DNP-BSA-chromium chloride 
mg/ml DNP-BSA ml CrClo soin. 
1.05 0.1 - 0 
1. 05 0. 2 - 0 
1.05 0.3 - 0 
2.1 0.1 - 0 
2.1 0.2 + 10.0 
2.1 0.3 + 13.0 
4.2 0.1 - 0 
4. 2 0.2 - 0 
4, 2 0.3 - 0 
8.4 0.1 - 0 
8.4 0.2 - 0 
8.4 0.3 11.0 
Criteria listed in materials and methods 
^Titers showing a positive reaction, to nearest half unit 
'ND = not done 
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development of a high titer anti-SRBC antiserum at the 
onset. The higher the amount and affinity of the anti-
sera, the less will be required for labeling. Another 
major problem involves the time and materials required to 
isolate the IgG, cleave the protein, and isolate the Fab 
fragments. The results, shown in table 12, indicate 
higher levels of DNP-Fab were required for sensitization 
than were initially projected (Strausbauch et al. 1970 
reported 30 pg required for optimal labeling). The 
strength of the pattern was also weak. This indicates that 
the amount and affinity of the Fab fragments used here 
is probably lower than that required for optimal sensi­
tization. 
The CrCl^ method is believed to involve the inter­
action of the metal ion with the carboxyl groups of the 
proteins. The major advantage is the time involved for 
px cpcxi. ct oxuii vfctuuub i uâj/, uu u 1 u inVOxVSS un6 Câ.r0xUx 
balancing of pH and reagent concentrations. A number of 
substances, including the components of many buffers 
(phosphate and proteins), interfere with the reaction by 
interacting with the chromium ion. The results (table 12) 
indicate that this method does indeed involve a careful 
balancing of antigen and CrCl^ concentrations. The 
resulting pattern was also very weak. 
The third procedure uses the glutaraldehyde molecule 
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to link the amino groups of proteins through the foi-mation 
of imines. Optimal conditions depend on the glutar-
aldehyde concentration and the pH. The glutaraldehyde 
concentration must be low enough to avoid antigen 
polymerization and the pH must be as distant as possible 
from the isoelectric point of the antigen. Success is 
more likely when the antigen has few reactive amino 
groups (DNP conjugation reduces this number) and a low 
molecular weight. The problems involve controlling the 
polymerization of glutaraldehyde and carefully selecting 
the antigens which are used (e.g^. , BSA cannot be used). 
The results presented in table 12 show this to be the 
most promising technique, yielding high titers and strong 
agglutination patterns» The method was selected for 
further testing using complement mediated lysis of the 
labeled cells. These results are shown in figure 19 and 
indicate an optimal labeling point yielding good cell 
lysis. However, a large amount of antigen (5-6 mg) is 
required for this optimal labeling. 
Because of a lack of sensitivity and reproducibility 
in the use of the above techniques in the plaque assay, 
it was finally decided to label cells with the trinitro-
phenyl (TNP) group which is highly cross-reactive with 
the dinitrophenyl group (Little and Eisen 1966). Cells 
were labeled with 2,4,6-trlnitrobenzene sulfonic acid 
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1 :2048 
1:4096 
1 : 8192  
3.2 4.8 
mg DNP-BSA 
Figure 19. Graph of the amount of lysis of sheep 
red blood cells by anti-DNP antiserum and 
complement as a function of the amount of 
DNP-BSA used to label the cells. Antiserum 
at three dilutions was tested. 
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according to the procedure of Rittenberg and Pratt 
(1969). Cells labeled in this manner give very satis­
factory results and offer the simplest procedure available. 
In fact, cells can be labeled the morning an assay is to 
be performed. There is no required balancing of reagents 
and the covalent linkage provides long term stability. 
This method satisfies all the criteria required and was 
therefore used for the results presented. 
Flague forming cell assay 
The plaque forming cell assay provides a simple and 
relatively straightforward procedure for detecting the 
number and/or concentration of cells secreting a specific 
antibody population. The method of assay used in these 
studies has been shown to be more efficient than the 
classical Jerne plates and Cunningham chambers (Dresner 
and Greaves 1973). The reactions involved are straight­
forward and the ability to fix the slides allowtj counting 
at the investigator's convenience. The method includes 
the more favorable aspects of the two classical methods* 
convenience and low cost of materials. 
The largest source of error in the assay revolves 
around the determination of cell concentrations and the 
method used to add the cells to the agarose solution 
prior to plating. For accuracy, capillary tubes were usen 
to measure cells for addition to the solution. To check 
I4l  
for the linearity of this method of cell addition, cells 
from a (CBA x BALB/C)F1 male mouse which had been immunized 
with DNP^^HGG^ were added in varying amounts to the tube 
prior to plating. As in all assays, the number of cells 
plated was calculated by; 
(cells/ml) X (ml added to tube) -r total volume 
in the tube (ml agarose-medium + ml 10% SRBC 4-
ml cells added) X 0.4- ml/plate = number of 
cells per plate 
The number of plaque forming cells (PFC's) was counted 
(table 13) and graphed (figure 20). A least squares 
linear regression line was calculated from the data. 
It can be seen that the linearity of the increase in 
PFC's begins to fall off after more than 60 ^ 1 of cells 
are added. Based on these results, cell concentrations 
were adjusted so that measurements were usually confined 
to 10 pi to 50 fal additions. 
The number of background PFC's against TNP labeled 
SRBC has been measured for a number of individual mice 
from all the strains used. The largest number seen was 
3 per 10^ spleen white blood cells (a DBA/l strain 
mouse) with an overall average for each strain of about 
1 per 10^ cells. This number is less than Chiller and 
Weigle (1970) reported. They found 21 to 28 anti-DNP 
PFC's per 10^ spleen cells. This discrepancy is probably 
due to detection of anti-DNP PFC's using TNP labeled cells 
Figure 20, Graph of the number of plaque forming cells 
which result from the addition of different 
amounts of cell suspension to the mixture 
which is plated in the plaque forming cell 
assay. The solid line is the least squares 
line through addition up to 60 pi. Additions 
greater than 60 pi do not appear to fall on 
this line and are therefore included on the 
dashed line. 
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pi of Cells Added 
1# 
Table 13» The effect of the amount of cells added to the 
tube of agarose-medium and SRBC on the resulting 
number of plaque forming cells. 
Volume of Cells 
Added (pi) 
V olume 
Tube 
of Capillary 
Used (pi) 
Ave. PFC 4 : S.D.& 
5 5 6 + 1 
10 10 15 + 2 
15 15 26 + 2 
20 20 31 + 5 
30 30 60 + 9 
40 40 63 + 1 
50 50 89 + 6 
60 30 102 + 7 
80 40 117 + 5 
100 100 127 + 2 
These values have been corrected for volume differences 
between tubes. 
S.D. = standard deviation 
in the results presented here. The use of TNP excludes 
many of the lower affinity antibody secreting cells 
detected by Chiller and Weigle (1970) who used DNP^^BSA 
linked to goat red blood cells by carbodiimide for the 
assay. Such a hypothesis can be investigated by assaying 
for the number of direct and indirect PFC's using TNP 
and DNP labeled cells and the same spleen cell population. 
Primed and boosted SjL and DBA/l (DNP^^HGGg as the antigen) 
spleen cells were assayed using SRBC's labeled with TNP 
in the usual fashion and with DNP using dinitrofluoro-
benzene. The results are shown in table 14. The SJL 
1^5 
Table 1^. Measurement of the concentration of anti-DNP 
and anti-TNP plaque forming cells using spleen 
cells from DNPfgHGGp immunized SJL and DBA/1 
strain mice. 
Strain Cells for Assay Total PFC/lO^ DNP PFG 
Nucleated Cells TNP PFC 
+ S.D.a 
SJL DNP-SRBC 132+8 0.86 
TNP-SRBC 153 + 20 
DBA/1 DNP-SRBC 13 ± 0 3.25 
TNP-SRBC 4+ 2  
^S.D. = standard deviation 
strain shows no significant difference in TNP v^. DNP 
specific PFC's, but the DBA/l strain shows an increase in 
PFC's using the DNP labeled cells. Evidently, the DBA/l 
strain must generate PFC's in greater numbers than those 
measured with TNP labeled cells. However, the number of 
additional PFC's detected is not great enough to alter the 
qualitative differences between the SJL and DBA/l strains. 
Another important aspect of the assay revolves 
around the development of the indirect plaques. The 
anti-mouse immunoglobulin antisera used should be at the 
optimal concentration; high enough to allow development 
of all the plaques, yet low enough to impart practicality 
and prevent inhibition of the development of plaques 
(Dresser and Greaves 1973)' A method outlined by Dx-eastr 
and Greaves (1973) was used to optimize the dilution of 
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rabbit anti-mouse immunoglobulin antisera used. Dilutions 
of the antisera were made and tested for the ability to 
develop PFC's. The average number of PFC's was calculated 
and plotted against the antiserum dilution (figure 21). 
The dilution chosen for use was defined by the greatest 
dilution giving maximum numbers of PFC's (1:100 for this 
particular example). 
The specificity of the antiserum is important also 
since mouse IgG subclasses do not fix complement (Plotz 
et al. 1968b). In fact, Humphrey (196?) has found that 
it takes only one IgM, but about 800 IgG molecules, 
bound to a SRBC to cause lysis in the presence of complement. 
A class of IgM has also been defined which does not, by 
itself, fix complement (Plotz et al. 1968a). Additional 
PFC's have also been developed through the addition of 
normal mouse serum along with the guinea pig serum (Silver 
and Winn 1973). These PFC's have been recently identified 
as IgA in antibody class (Van Dijk and Van Bohemen 1978). 
The anti-MGG used for these studies has been developed 
against purified mouse gamma globulins and, theoretically, 
does not contain antibodies to develop the noncomplement-
fixing class of IgM, The addition of normal mouse serum 
(a pool containing equal amounts of A, SJL, C57BL/10, 
CBA, and DBA/l normal serum) to the guinea pig serum 
used in these experiments did not develop a significant 
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Figure 21. Titration of the dilution of rabbit anti-MGG 
used to develop indirect plaques in the plaque 
forming cell assay against the number of 
plaque forming cells. See text for discussion. 
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number of additional PFC's. 
The effect of ficoll-hypaque isolation of the spleen 
white blood cell population in reference to the concen­
tration of PFC's was also measured. The results (table 15) 
indicate that isolation on ficoll-hypaque increases the 
concentration of PFC's, although the effect is not great 
enough to alter the qualitative relationships among 
strains. 
The location of PFC's after immunization with 
DNP^^HGG^ under the Al(OH)^ regimen was determined using 
female SJL mice. The results, shown in table 16, indi­
cate that the great majority of the PFC's measured are 
found in the spleens of these animals. 
In the course of attempts to inhibit the develop­
ment of PFC's of specific parental type in allophenic 
mice with antiserum, it was discovered that preincubation 
with normal mouse serum inhibited PfC development. This 
effect could not be diluted out in the normal range of 
usage for these antisera (table 17). The effect is 
also not due to natural antibody against the cells since 
C57BL/6 serum inhibits the development of C57BL/6 PFC's 
(table 17). An investigation was made into a treatment 
which would remove the inhibitory activity and retain 
specific antibodies. Table 18 presents the results of 
various treatments of both male and female CFl serum 
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Table 15- The effect of ficoll-hypaque isolation of 
spleen white blood cells on the concentration 
of anti-DNP plaque forming cells from DNPrgHGGp 
immunized SJL and DBA/l strain mice. 
Strain Ficoll-Hypaque 
Isolation 
Anti-DNP PFC/10^ 
Nucleated Cells 
+ S.D.a 
Ratio 
(+/-) 
SJL + 236 + 37 1.54 
- 153 ± 20 
DBA/1 + 1 1 + 0  2.75 
_ 4 + 2 
^S.D. = standard deviation 
Table 16. The location of anti-DNP PFC's in female SJL 
strain mice immunized with DNP^^HGG^ in Al(OH)^ 
Organ Total PFG/10^ 
Nucleated Cells 
Percent of 
Total PFC 
Thymus 1 2 
Peripheral Blood 0 0 
Mesenteric Lymph Node 4 6 
Inguinal Lymph Node 0 u 
Spleen 58 92 
Total 63 100 
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Table 17• Serum inhibition of PFC development and the 
effect of serum dilution and source.& 
Serum Dilution"^ Total PFC 
None (medium) - 37 
Normal CFl Female 2 3 
4 2 
8 1 
16 1 
C57BL/6 anti-A 2 2 
4 0 
8 4 
16 4 
A anti-C57BL/6 2 0 
0 
8 0 
16 0 
^Cells were from a C57BL/6 strain mouse which had been 
immunized with DNP^^HGG^ in Al(OH)^ 
samples, including heat inactivation, dialysis, passage 
over a Sephadex G-lOO column, salt cutting with ammonium 
sulfate as well as combinations of these methods. Table 
19 presents another study using passage over a Bio-Gel 
P300 column and a Sephadex G-25 column. The overall 
conclusions which can be reached are numerous. The effect 
is not due simply to the presence of protein since 5^ 
FGS in RPMI 1640 medium does not show appreciable 
inactivation of PFCs (table 18). The inhibition is not 
sex-linked since both normal male and female serum show 
equal inhibitory capacity (table 18). From the G-25 
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Table 18. The effects of various treatments of male and 
female CFl serum samples on the inhibition of 
PFC development exhibited by normal serum. 
Treatment^ Sex^ PFC + S.D.^ % Live ^ of PBS 
Cells Treated 
PBS - 300 69 99 100 
PBS-HI - 309 + 60 97 103 
RPMI 1640 - 281 + 61 99 94 
RPMI 1640 f 5# FCS - 288 7 100 96 
NS F 20 f 3 100 7 
M 10 2 100 3 
NS-HI F 14 f 3 100 5 
M 10 1 100 3 
NS-D F 15 Jh 1 100 5 
M 16 HT 4 100 5 
PBS-dialysate - 218 + 47 99 73 
NS-HI f D F 6 f 2 100 2 
M 6 f 2 100 2 
NS-SG f D F 10 f 4 99 3 
M 13 + 4 99 4 
NS-G-100 F 7 f 2 100 2 
M 6 + 2 97 2 
PBS-G-100 - 212 70 100 71 
NS-HI i- G-lOO F 2 2 87 1 
M 38 + 6 64 13 
NS-HI f D f G-100 F 6 2 96 2 
M 9 3 96 3 
NS-SC f D -t- G-100 F 10 f 4 100 3 
M 40 f 4 98 13 
Abbreviations: FCS-fetal calf serum, NS-normal mouse 
serum, HI-heat inactivated, D-dialyzed, SC-salt cut, 
G-lOO-passed over a Sephadex G-1Û0 column 
^F = female, M = male 
^^.D. = standard deviation 
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Table 19. The effect of serum fractionation on Sephadex 
G-25 and Bio-Gel P300 columns on the inhibition 
of PFC development by normal CFl male serum. 
Treatment (Fractions)^ Total PFC ^ of Control 
Normal Serum 11 11 
Sephadex G-25 ( 8-10) 90 88 
(19-26) 22 22 
(50-52) 87 85 
(53-55) 11 11 
(56-61) 93 91 
Bio-Gel P300 (14-21) 90 88 
(22-28) 6 6 
(29-34) 16 16 
(35-54) 18 18 
PBS/Medium 102 100 
^See Materials and Methods for elution profiles 
Table 20. The effect of cell washing on the inhibition of 
PFC development by normal CFl male serum. The 
cells were washed free of serum at various times 
during the normal 1 hour incubation with serum. 
Treatment Total PFC io of Control 
RPMI l640 30 100 
Normal Serum (NS) 8 27 
NS - 15 min. wash 12 40 
NS - 30 min. wash 30 100 
NS - 45 min. wash 28 93 
NS - 60 min. wash 26 87 
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column, it appears that the inhibition is due to both a 
high molecular weight as well as a low molecular weight 
substance (table 19). For the most part, inhibition 
accompanies the immunoglobulin fractions of serum (fetal 
calf serum contains low concentrations of Ig). The overall 
conclusion reached is that there is a substance in 
normal mouse serum which inhibits the secretion of antibody 
by lymphocytes. The factor does not result in the death 
of the cells (table 18). The fact that this "factor" 
may be generated in the preparation of the serum cannot 
be excluded from the data presented. 
A final attempt was made in which the cells were 
washed with medium at various times during the 1 hour 
normal incubation with serum. The cells were placed in 
medium for the remaining incubation time. The results, 
presented in table 20, show that the inhibitory substance 
^ ^ ^ « 1m ^  "f*V* «4-Tm ^ ^ T T ^ luc yvatsiiova j. j. wxii viic 
These results taken together implicate the Fc 
receptor of B cells as the functioning receptor in this 
phenomenon. This is based on a number of observations; 
(1) protein alone is not the cause of inhibition; (2) the 
inhibitory component is present in both male and female 
serum; (3) the effect is not due to a decrease in cell 
viability; {^•) serum from an inbred strain inhibits PFC's 
of the same strain; (5) the effect parallels the presence 
of immunoglobulin during routine fractionation of serum; 
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(6) the inhibitory substance can be washed from the cells 
(Ig bound to Pc receptors in the absence of antigen can 
be washed from the cells); (7) frozen serum samples and 
lyophilized serum contain large amounts of aggregated 
Ig when prepared for use. The inhibition of a low mole­
cular weight substance obtained by Sephadex G-25 fraction­
ation is unexplained by this hypothesis. Testing of 
purified mouse gamma globulin at various stages of aggre­
gation would be an appropriate test of this hypothesis. 
The hypothesis is also supported by the report of 
Gordon and Murgita (1975) that Pc fragments of the IgGl 
class suppress the immune response to SRBC in mice, 
whereas IgG2 class fragments stimulate. This parallels 
the known preferences of the Fc receptor (Basten et al. 
1972b). This indicates that the Fc receptor may function 
in the feedback inhibition of antibody synthesis. 
XiA C Wii V ; XiiiiXWX UXUii UX WHO ^caxoiioctx V-/X 
PFG, and not the other, with antiserum is clearly not 
possible with allophenic mouse spleen cells. Lysis of 
one cell population, followed by washing with medium, 
may solve this problem. However, there is the increased 
risk of variations in cell concentrations. An alternate 
method, such as the development of the indirect PFG's 
with specific parental anti-allotype sera, instead of 
with rabbit anti-mouse IgG, could be attempted. 
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The Effect of Dose and Adjuvant on the 
Immune Response to DNP-HGG 
Antibody titers 
A sample of mice from each of six inbred strains 
was immunized with different doses of DNP^^HGG^ in 
either AlCOH)^ or complete Freund's adjuvant (CFA). 
The experiment was performed to establish an immunization 
regimen which would give anti-DNP antibody titers high 
enough for use in other experiments, and would also show 
defined strain differences. 
According to a regimen established by Vaz and 
Levine (1970) for use with low doses of protein antigen, 
mice were injected with either 1 or 50 pg of DNP^^HGG^ 
in 1 mg Al(OH)^. The other regimen followed a standard 
schedule for immunization in CPA, using a 1 pg dose of 
DNP^^HGG^. The resulting individual serum samples were 
analyzed for anti-DNP antibody by RIA against ^H-DNP-
lysine. The results of these experiments are shown in 
table 21. The individual data points are shown in 
figures 22a, 22b, and 22c. 
It is seen that the first immunization regimen, 
1 |ag DNP^^HGG^ in 1 mg Al(OH)^, leads to a response which 
defines the mice as responders (A, SJL) and nonresponders 
(C57BL/6, BALB/C, CBA, and DBA/1). However, it should be 
noted (figure 22a) that only three of the eight A strain 
mice tested had significant antibody titers using this 
Table 21. The anti-DNP antibody titers of inbred strains of mice immunized 
with DNP^^HGG^. ^ 
Mouse Strain Regimen 1 Regimen 2 Regimen 3 
(H-2 Haplotype) 1 pg in A:L(OH)g 50 pg in Al(OH)g 1 pg in CFA 
No. Titer No. Titer No. Titer 
Tested Tested Tested 
SJL 6 30 + 15 8 94 ± 49 8 105 + 46 
(s) 
A 8 4.8 + 9.2 8 74+19 8 41+24 
(a) 
C57BL/6 8 0^ 8 8.6 + 8.0 8 55 + 30 
(b) 
CBA 708 3.6 + 2. 8  7  23 + 12 
(k) 
BALB/C 8 0 8 2.3 + 2.8 8 16 + 40 
(d )  
DBA/1 8 0 8 0 8 6+ 11 ( q )  
Values shown are the calculated mean ABC^^ values using 10~^ M ^H-DNP-lysine 
+ standard deviation 
^^0 = less than 33% binding by undiluted serum 
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assay. Since this only fulfilled the second require­
ment listed above, immunization with a second regimen 
using 50 ]xg DNP^^HGG^ in 1 mg Al(OH)^ was attempted. 
It is seen (table 21 and figure 22b) that this schedule 
magnifies the qualitative differences among strains, as 
well as evoking higher antibody titers. This schedule 
allow the mice to be classified as high responders 
(A, SJL), intermediate responders (C57BL/6, BALB/C, CBA), 
and low responders (DBA/1). It should be noted that 
testing of more mice from each strain yielded very few 
mice which fell outside the range of ABC^^ values shown 
here. This regimen therefore fills both of the require­
ments listed above, and was used for most of the experi­
ments presented. 
The third immunization regimen, 1 pg DNP^^HGG^ in 
CPA, described in table 21 and figure 22c, leads to an 
abolition of some of the differences seen among the inbred 
strains with the first two regimens. Although a general 
pattern can be seen, the only two strains which show 
statistically different antibody responses are the SJL 
mice, which show the highest response, and the DBA/1 
mice, which show the lowest response. 
An explanation of the differences seen with the 
different adjuvants lies in the mechanism of stimulation 
and/or presentation. AlfOH)^ is a depot adjuvant, i.e.. 
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a substance which is inactive when injected separately 
from antigen (Tanaka et al. 1975). These type adjuvants 
act primarily on antigens, serving to form a stable antigenic 
matrix. In contrast, CFA contains substances which are 
active on the animal more so than on the antigen. The 
adjuvant effect in inherent and is not associated with 
the toxicity, antigenicity, or anticomplement activity of 
the preparation (Tanaka et a2. 1975)- A recent study 
(Igarashi et a2. 1977) had pinpointed N-acetyl-muramy1-
L-alanyl-D-isoglutamine as the fraction of CFA active in 
immune responses and DTH. These results have been con­
firmed by Sugimoto ejk a2. (1978) who found that at least 
one mode of action of this compound is through stimulation 
of helper T cells. 
The results here show that administration of the 
1 pg DNP^^HGG^ in CFA, rather than A1(0H)2, raises the 
antibody titers of the strains. However, the SJL mice 
still maintain the highest titers, and the DBA/l mice the 
lowest. It cannot be clearly stated at this point 
whether this difference is due to the degree of recognition 
of the antigen or to the refractory nature of DBA/1 cells 
to the stimulatory effects of CFA. 
For further experiments using these serum samples, 
pools using equal amounts of serum from each member of a 
given strain were formed. Each pool was titered with the 
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resulting dilution curves seen in figures 23a, 23b, and 
23c. It is seen that each of the immunization regimens 
gives rise to a unique set of dilution curves, and that 
the classification of the mice into different responder 
classes is very clear from an examination of the curves. 
Extrapolation of the ABC^^ values from the curves of the 
pooled serum samples shown in the figures gives values 
within 10?5 of the experimentally determined mean values 
reported in table 21 for the individual serum samples. 
Antibody affinities 
Since antibody titers by radioimmunoassay are 
dependent on both antibody concentration and affinity 
(Green et al. 1969, Karush 1970), pooled serum samples 
were tested for the average affinity of the anti-DNP 
antibody population. Numerous systems have been described 
where differences seen in the response among strains are 
due to differences in the affinity of the specific anti­
bodies present (Eichmann 1972, Dorf ejt al. 197^» Steward 
and Petty 1976). It became necessary therefore to test 
whether the differences seen above were due to differences 
in antibody concentrations or to differences in the 
affinities of the populations. 
The theory behind the procedure chosen has been 
described in detail by Paul and Elfenbein (1975)• This 
procedure allows the determination of relative affinities 
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using small amounts of serum. The equation described by-
Paul and Elfenbein (1975) and used in these studies is : 
R B. -
a 2(1-R) 
where K_ is the association constant, B. is the concen­
tration of ligand bound at the index condition (33# of 
1 X 10"^ = 3.3 X 10"? in these studies), and B^ is the 
concentration of ligand bound at the experimental condi­
tion (33# of 1 X 10"^ = 3"3 X 10"^ in these studies). 
R is defined by: 
„ ABC* 
where ABC^ is the antigen binding capacity at the index 
concentration and ABC^ is the antigen binding capacity at 
the experimental concentration. The definition of antigen 
binding capacity (ABC) is the reciprocal of the serum 
dilution multiplied by the concentration of ligand which 
is bound at that serum dilution. 
Reports (Seppâlâ 1975» Del Guercio et. a2. 1976) 
have suggested a weak reproducibility of results by this 
method. The problem of shifts in equilibrium with ammonium 
sulfate precipitation has already been discussed. The 
problem this represents in affinity calculations is that 
the magnitude of the equilibrium shift probably differs 
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at different hapten concentrations. In fact, Kim ejt al. 
(1975b) and Del Guercio ejt al. (1976) have found that the 
Farr procedure underestimates lower affinity antibodies 
(as would be expected since they would most readily 
release their bound hapten in a shifting equilibrium). 
Nevertheless, Kim et al. (1975%) found that determinations 
with this method provide relative affinity values in 
excellent agreement with equilibrium dialysis methods. 
One important aspect of the determination (Paul and 
Elfenbein 1975) involves using an index concentration as 
far removed as possible from the experimental concentration. 
This effect is clearly demonstrated in table 22 where a 
CFl anti-DNP antiserum (230 jig/ml) was measured at 
different hapten concentrations and the affinity calculated 
for each index concentration. It is evident that the closer 
the index concentration to the experimental concentration, 
the higher the estimation of the relative affinity, i.e., 
the greater the underestimation of lower affinity 
antibodies. 
Table 23 presents the relative affinities calculated 
for those pooled serum samples which gave measurable 
ABC^2 values at the two tested hapten concentrations 
(10 ^  M and 10~® M). It is clearly seen that the average 
affinity of the serum is not dependent on the inbred 
strain or its serum titer, but rather on the dose of antigen 
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Table 22. Affinity calculations using ABC^^ values obtained 
by the Farr assay at different radiolabeled 
ligand concentrations. The serum used was a CFl 
line anti-DNP sample that contained 230 pg/ml 
specific antibody by precipitin analysis. 
Cone, of %-DNP-lysine ABC 33 ^ ^a 
1 x 10"^ 8 .038 4.3 x 10^ 
5 X 10"? 11 .055 5.6 X 10^ 
1 X 10"? 12 .250 3.0 X lo"^ 
5 X 10"® 17 .353 3.6 X 10? 
1 X 10~® & 30 
*•1 X 10~® M %-DNP-lysine was the experimental condition 
for all calculations 
as well as the adjuvant and immunization schedule used. 
This agrees with the studies of Kim and Siskind (1974) 
on the control of antibody affinity. Generally, higher 
affinity antibody is produced faster with lower doses of 
antigen. It is also evident from table 23 that changing 
the adjuvant from AltOH)^ to CFA leads to an increase in 
antibody affinity. 
Gershon and Paul (1971) have shown that T cell 
function is necessary for the production of high affinity 
antibody. Kim et_ al. (1975a) have found that animals 
primed without adjuvants, or with A1(0H)2 adjuvant, do 
not have an expanded high affinity memory population 
available to respond to boosting, as opposed to animals 
Table 23. Anti-DNP antibody affinities of inbred strains of mice immunized 
with DNP.^HGG^.a 
Strain Regimen 1 Regimen 2 Regimen 3 Regimen 4 
1 jag in A1{0H)^ 50 pg in Al(OH)^ 1 jig in CFA 100 pg in CFA 
SJL 3 X 10*^ 8 X 10^ 2 X 10*^ 8 X 10^ 
A _b 6 X 10^ 4 X lo"^ 1 X lo"^ 
C57BL/6 - 6 X lo6 6 X lo"^ 2 X lo"^ 
CBA - 7 X 10^ 7 X 107 2 X lo"^ 
BALB/C - - 5 X 107 3 X lo"^ 
DBA/'l — — — — 
'^^The values shown were calculated as described in the test. The maximum 
error is + 20^ 
= serum titers not high enough to calculate affinity 
172 
primed with antigen in CFA. This is consistent with the 
findings of Tanaka et al. (1975) and Sugimoto et al. (1978), 
discussed previously, which suggest that CFA stimulates 
helper T cells. Thus, one would expect the CFA regimen 
to result in higher affinity antibodies than the Al(OH)^ 
regimen, as is seen (table 23). Increasing the dose 
leads to lower affinity antibodies, regardless of the 
adjuvant, since those B cells with lower affinity 
receptors would have the opportunity to be stimulated 
(Kim and Siskind 197^, Macario and deMacario 1975). 
From this discussion of the control of antibody 
affinity, it can be concluded that the resulting antibody 
affinities depend more on the dose of antigen and the 
adjuvant used than on the genetics of the individual 
strains for DNP^^HGG^ response. The results indicate that 
both high (A, SJL) and intermediate (C57BL/6, BALB/C, 
CBA) responding strains can produce antibodies of equal 
affinity under the same immunization regimen. Therefore, 
it appears that differences between high and intermediate 
(and low) responders are due to antibody concentration and 
not to antibody affinity. Figure 17, which graphs the 
antibody concentration by radial immunodiffusion (which 
depends on antibody concentration) against the ABC^^ 
value determined by radioimmunoassay (which depends on 
antibody concentration and antibody affinity) shows a 
high correlation value with no significant deviations by 
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any inbred strain. This confirms that the average affinity 
values for the individual strains are relatively equal. 
These observations are consistent with the premise of 
Katz and Steward (1975)i Katz and Steward (1976), and 
Steward and Petty (1976), which states that antibody 
affinity in mice is under polygenic control and indepen­
dent of the genetic mechanism controlling the amount of 
antibody produced. 
Antibody isotypes 
Another parameter examined was the relative amounts 
of IgM anti-DNP antibody produced by the inbred strains 
of mice using the different immunization schedules. The 
serum was treated with 0.1 M mercaptoethanol, with any 
decrease in titer depending on the activity of the 
mercaptoethanol sensitive (IgM) population of molecules 
(Sebalt 1976). A significant amount of IgM is detected 
when the values for 33% antigen binding with and without 
mercaptoethanol differ by more than one logg unit. This 
is based on the data shown in table 24, which shows a 
nonspecific reduction in the ABC^^ value by the iodo-
acetamide used to inactivate the excess mercaptoethanol. 
It is seen in table 25 that, with the first immuniza­
tion regimen, none of the strains show detectable 
quantities of IgM. With the second immunization regimen, 
only the A strain mice show detectable quantities of IgM. 
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Table 24. The effect of iodoacetamide addition on the 
ABCoo value of a C57BL/6 anti-DNP serum sample 
a b treated with mercaptoethanol. ' 
Tube Addition 1 Addition 2 ABC^^ Logg 
1 PBS PBS 70 6.1 
2 ME lA 20 4.3 
3 PBS LA 45 5.5 
^See Materials and Methods for amounts and time of 
addition 
^Abbreviations: PBS = sodium phosphate buffered saline; 
ME = 2-mercaptoethanol; lA = iodoacetamide 
With the third regimen, all of the strains, except the 
SJL and DBA/L mice show detectable quantities of IgM. 
A control regimen (100 pg DNP^^HGG^ in CFA) led to no 
significant amounts of IgM in any of the strains tested. 
The evidence indicates that the amoLint of IgM produced 
is dependent on the particular inbred strain of mouse. 
Thus, SJL mice produce IgG exclusively regardless of the 
dose, adjuvant, or schedule. A strain mice, however, 
produce significant amounts of IgM under the 50 jJg 
DNP^^HGG^ in AlCOH)^ and 1 |ag DNP^^HGG^ in CFA regimens 
in spite of the fact that the anti-DNP antibody titers of 
the SJL and A mice are quite similar. The C57BL/6, CBA 
and BALB/C mice all show significant increases in anti-
Table 25. logg of the anti-DNP antibody titers with and without mercapto-
ethanol treatment of serum after immunization with DNPc^HGG^. 
Strain Regimen 1 Regimen 2 Regimen 3 
1 \xg in CFA 
Regimen 4 
100 ]xg in CFA 
-ME^ +IYIE -ME +ME -ME +ME -ME +ME 
SJL 5 4 7 7 6 6 7 7 
A 2 1 7 5 6 3 5 4 
C57BL/6 0^ 0 2 1 6 1 6 5 
CBA 0 0 2 1 3 1 4 3 
BALB/C 0 0 1 1 4 2 5 4 
DBA/'L 0 0 0 0 1 1 2 1 
'"'me = mercaptoethanol 
^0 = less than 3'}fo binding of 10~® M hapten by undiluted serum 
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body titer when the 1 pg DNP^^HGG^ dose is administered in 
CFA, rather than Al(OH)^; yet most of the increase is 
of the IgM is0type. Although the shorter duration of the 
CPA schedule, compared to the AlCOH)^ schedule, might 
account for the latter result, this pattern is not seen 
with the 100 jog dose in CFA. In fact, the 100 pg dose in 
CFA does not show any IgM isotype, even when comparable 
serum titers exist compared to the 1 pig in CFA schedule. 
An interesting facet of the 1 pg in CFA results 
is that, although these sera contain the most IgM isotype 
antibody, they also possess the highest affinity popula­
tions. It may be that the process by which T cells 
influence the switch of B cells from IgM to IgG antibody 
production (Nossal et a2. 1971) is independent from T cell 
actions which result in increases in antibody affinity 
(Gershon and Paul 1971). Both actions may require antigen, 
CLliU. \jliKS OCU. SJLKJOKS px 00X711 UCU CtO X 11161^ IIVU JJX UVXUC 
adequate amounts for both processes to occur. 
It is clear from these results that although serum 
antibody titer very clearly distinguishes high, inter­
mediate and low responders to 50 pg DNP^^HGG^ in Al(OH)^ 
adjuvant, neither the affinity of the antibody nor the 
isotype of the antibody do. It is also important to note 
that, regardless of classification, all strains seem to 
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express the common results of helper T cell function: 
high affinity antibody and IgG antibody isotype. 
In Vivo Genetic Control of the 
Immune Response 
The response of inbred strains of mice 
The response of inbred strains to immunization with 
50 DNP^^HGG^ in 1 mg Al(OH)^ was studied. The number 
of strains studied was expanded to include the C57BL/lOSn 
strain, and the number of mice studied per strain was 
expanded from the results reported above for RIA. The 
measurement of the anti-DNP response was also expanded to 
determinations by three methods: radioimmunoassay, 
reverse radial immunodiffusion, and a plaque forming cell 
assay. The assays measure, respectively, the binding 
ability of the antibody population, the concentration of 
antibodies, and the number (or concentration) of antibody 
secreting cells specific for DNP. 
On the basis of all three assays, the mice fall into 
the categories of high (SJL, A), intermediate (G57BL/lOSn, 
C57BL/6, GBA, BALB/C) and low (DBA/l) responders to 
DNP^^HGG^ (table 26). It has been noted above that there 
is a good correlation between the titer by RIA and the 
antibody concentrations by reverse radial immunodiffusion 
for individual mice (figure 17). Again, this reaffirms 
that antibody affinity is not responsible for the strain 
Table 26. The immune response of female mice of different inbred strains to 
immunization with 50 pg DNP^^HGG^ in 1 mg Al(OH)^. 
Reverse Radial^ Plaque Forming 
Radioimmunoassay Immunodiffusion Cell Assay ° 
Strain 
H-2 
Haplotype 
No. Mice 
Tested 
ABC 
(SEM) 
No. Mice 
Tested 
Ab. Cone. 
(SEM) 
No. Mice 
Tested 
1 PFC 
(SEM) 
SJL s I'J- 98 (14) 14 784 (57) 18 239 (58) 
A a 26 80 ( 5) 25 885 (76) 25 306 (63) 
C57BL/lOSn b 22 ( 6) 16 188 (33) 19 53 (11) 
C57BL/6 b 31 10 ( 2) 30 171 (20) 26 28 ( 6) 
CBA k 28 8 ( 1) 25 116 (21) 15 13 ( 4) 
BALB/C d 15 3 ( 1) 7 91 (38) 7 17 ( 6) 
BBk/1 q 27 0 ( 0) 26 20 ( 7) 21 1 ( 1) 
Values are the reciprocal of the serum dilution for 33^ binding of 10 M 
H-DNP-lysine. S EM = stîindard error of the mean. 
^Values are the serum concentration of anti-DNP antibody in pg/ml. 
^Values are the number of anti-DNP plaque forming cells per 10^ spleen 
white blood cells. 
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differences seen here. 
Figure 24 shows that, for individual mice, an 
increase in the amount of anti-DNP antibody generally 
means an increase in the number of spleen plaque forming 
cells. However, many individual mice deviate significantly 
from the least squares line through all the points. This 
may mean that the amount of antibody produced per plaque 
forming cell does differ among individual animals. 
Indeed, there is a dynamic continuum of antibody secreting 
ability as cells develop from antigen specific virgin B 
cells to B lymphoblast cells to plasma cells (Mande1 1977). 
Since some of these cells release antibody at low levels, 
they may not be detected by the assay method used. 
Therefore, these deviations may be due to the composition 
of the cells at different stages present in the animal. 
However, since we have measured the concentration of PFC 
per 10^ spleen white blood cells» the possibility also 
exists that the total number of plaque forming cells may 
be the same in each animal, and only the size of the 
spleens differ. Another possibility is that there are 
alternate sites of antibody production, such as the lymph 
nodes, which leads to an apparent difference in the amount 
of antibody produced per plaque forming cell in the spleen, 
but would result in the same amount of antibody per plaque 
forming cell in the whole animal. The last possibility 
seems unlikely based on the examination of the location of 
Figure 2^. Correlation of the number of plaque forming 
cells in the spleen to the antibody concen­
tration for individual mice of six inbred 
strains of mice, assayed as described in the 
text. The line is the least squares linear 
regression through all the data points. 
(#) SJL; (O) A; ( •) C57BL/6; (•) C57BL/lOSn; 
(A ) CBA; (A ) BALB/c. 
o  o  
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PFC's (table 16). 
The response of congenic strains of mice 
Coisogenic strains are defined as strains genetically 
identical except for a difference at a single locus. 
True coisogenicity is achievable only when a mutation 
occurs in an inbred line. An approximation of this 
condition can be achieved by continually crossing a gene 
from one stock of mice onto another inbred strain. Such 
crosses usually never achieve coisogenicity but usually 
differ in a short chromosomal segment rather than a single 
gene (Klein 1973). These strains are therefore referred 
to as congenic. 
The use of strains congenic at the H-2 complex as 
well as congenic strains recombinant within the H-2 
complex has greatly aided in the study of the immune 
response (Shreffler and David 1975)• This resulted from 
the identification and study of the structure aiiu function 
of the immune response (Ir) genes which map within this 
region (see Introduction). Since Ir genes which map in 
the H-2 complex have been shown to control the immune 
response to low doses of various protein antigens (Vaz 
and le vine 1970, Vaz ejt aJL. 1971)» we investigated the 
response of various H-2 congenic lines to a 50 jag dose of 
DNP^gHGG^. All the lines investigated were strains 
congenic on the C57BL/lOSn background (an intermediate 
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responding strain). 
The results are presented in table 27. It is seen 
that the congenic strains respond in a fashion similar to 
the background strain rather than to the strains which 
possess similar H-2 regions. Thus, the BIO.A congenic 
strain responds with a magnitude very similar to the 
C57BL/lOSn strain with which it shares background (non-
H-2) genes. The magnitude is quite dissimilar to the A 
strain with which it shares H-2 region genes. It can be 
concluded that the difference in magnitude of response 
seen between high and intermediate responders is largely 
due to non-H-2 linked genetic differences. This is 
consistent with a number of other studies which have 
demonstrated control of the magnitude of the immune response 
as being linked to non-H-2 gene loci (Mozes et al. 1969b, 
Biozzi et al. 1972. Taussig 1976, Berzofskv et al. 1977• 
Dorf e_t al. 1977» Merryman et al. 1977)-
Response of PI hybrid mice 
The response of the Fl generations resulting from 
crosses of the SJL, A, C57BL/6, CBA, BALB/C and DBA/L 
strains was measured by reverse radial immunodiffusion. 
These results are presented in table 27. The response of 
the Fl hybrids shows that the ability to respond is 
dominant. Whenever a cross is made to a high responder 
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Table 27. The immune response of female congenic and F1 
hybrid mice to immunization with 50 pg DNPf/HGG. 
in 1 mg A1(0H)<,. ^ 
Strain H-2 
Haplotype 
No. Mice 
Tested 
Ab. Cone. (SEM)' 
SJL s/s 
A a/a 
C57BL/lOSn b/b 
C57BL/6 b/b 
CBA K/K 
BALB/C d/d 
DBA/1 q/q 
BlO.A/SgSn a/a 
B10.A(2R)/SgSn h2/h2 
BlO.BR/SgSn k/k 
B10.D2/nSn d/d 
SJL X A s/a 
SJL X C57BL/6 s/b 
SJL X CBA s/k 
SJL X BALB/C s/d 
SJL X DBA/1 s/q 
A X C57BL/6 a/b 
A X CBA a/k 
A X BALB/C a/d 
A X DBA/L a/q 
C57BL/6 X CBA b/k 
C57BL/6 X BALB/c b/d 
C57BL/6 X DBA/l b/q 
CBA X BALB/c k/d 
CBA X DBA/l k/q 
14 
30 
25 
2I 
16 
13 
31 
10 
10 
9 
9 
10 
9 
13 
20 
5 
11 
27 
13 
7 
784 
885 
188 
171 
116 
91 
20 
186 
188 
66 
141 
1201 
589 
982 
899 
660 
1088 
706 
1415 
763 
358 
334 
181 
703 
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33) 
20) 
21) 
38) 
7) 
21) 
34) 
9) 
30) 
91) 
122) 
58) 
68)  
227) 
194) 
53) 
128)  
75) 
190) 
67) 
47) 
69) 
65) 
BALB/c X DBA/l d/q 466 (l64) 
^Antibody concentrations in ug/ml by reverse radial 
immunodiffusion. SEM = standard error of the mean 
^Values are obtained from male mice 
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strain (SJL, A), a high responder hybrid is generated. 
A high responder is classified as a strain which yields 
more than 500 pg/ml for an average serum anti-DNP antibody 
concentration. It does appear that there is also 
heterogeneity among the high responder hybrids. As such, 
the (SJL X C57BL/6)F1 is a "low" high responder, while 
the (A X BALB/C)F1 is a "high" high responder. In 
between, there is a continuum of average response. A 
continuum is also seen with the intermediate responders 
with both "high" responding (BALB/C X DBA/1)F1 mice and 
"low" responding (C57BL/6 x DBA/1)F1 mice. 
The exception to a simple dominance of the ability 
to respond is the (CBA x BALB/c)F1 combination. A cross 
of these two intermediate responder strains results in 
the generation of a high responder hybrid. This implies 
that the simplest model of the number of genes controlling 
the immune response to DNP^^HGG^ would contain two genes, 
with one copy of each necessary for the generation of a 
high responder. 
Response of backcross generation mice 
Mice of the F1 hybrids A x C57BL/6, SJL x C57BL/6, 
A X SJL, A X DBA/1, C57BL/6 x DBA/l, SJL x DBA/l, and 
CBA X SJL were backcrossed to mice of their respective 
parental strains. The anti-DNP antibody response of the 
mice was measured by reverse radial immunodiffusion and 
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the mice were typed for the H-2 haplotypes present. The 
response of the A x C57BL/6 and SJL x C57BL/6 backcross 
mice is shown in table 28 and figures 25 and 26, It 
is seen that, as expected, when C57BL/6 was the backcross 
parent the response was considerably lower than when 
either SJL or A was the backcross parent. An interesting 
point is that there is no statistically significant 
difference in response between the s/b and b/b or 
between the a/b and b/b haplotypes when C57BL/6 was the 
backcross parent. However, there is a significant 
difference between the two types of s/b offspring when 
SJL was the backcross parent and when C57BL/6 was the 
backcross parent. Likewise, the a/b offspring give a 
significantly higher response when A was the backcross 
parent compared to the a/b offspring when C57BL/6 was the 
backcross parent. 
TWO observations, made from the data presented in 
previous sections, are readily confirmed. The first is 
that the response is not controlled by a single gene 
locus operating in a simple dominant/recessive manner. 
This derives from the lack of the backcross to the C57BL/6 
strain to generate significant numbers of high responding 
animals. If the dominant/recessive model were operational, 
50?5 of the mice resulting from this backcross should be 
high responders. This agrees with the observation that 
Table 28. The immune response of backcross generation mice to DNP^^HGG^.^ 
F1 Hybrid Backcross Response of Backcross Offspring 
Parent H-2 
Haplotype 
No. Mice 
Tested 
Ab. C one. 
(SEM)b 
SJl X C57BL/6 SJL s/s 
s/b 
9 
14 
912 ( 80) 
909 ( 88) 
SJl X C57BL/6 C57BL/6 s/b 
b/b 
8 
9 
732 (108) 
572 ( 78) 
A X C57BL/6 A a/a 
a/b 
11 
9 
1089 ( 85) 
842 (114) 
A X C57BL/6 C57BL/6 a/b 
b/b 
10 
12 
409 ( 43) 
335 ( 40) 
%ice were immunized with 50 jag DNP^^HGG^ in AlCOH)^. 
^Data for the female and male mice were pooled since separate analyses 
of the male and female data yielded the same overall results. SEM = 
standard error of the mean. Values are in pg/ml. 
Figure 25. The immune response of (SJL x C57BL/6) x SJL 
and (SJL x C57BL/6) x C57BL/6 backcross mice. 
Serum antibody levels were determined by 
reverse radial immunodiffusion as described 
in the text. The mice are separated into 
three groups (H-2^^. H-2^^ and H-2^^) on 
the basis of the H-2 typing of their spleen 
white blood cells. The clear areas represent 
mice backcrossed to the SJL parent. Stippled 
areas represent mice "backcrossed to the 
C57BL/6 parent. The arrows indicate the 
average values of mice "backcrossed to the 
SJL (——>) parent or the C57BL/6 (-—>) 
parent. 
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Figure 26. The immune response of (A x C57BL/6) x A 
and (A x C57BL/6) x C57BL/6 backcross mice. 
Serum antibody levels were determined by 
reverse radial immunodiffusion as described 
in the text. The mice are separated into 
three groups (H-2^^. H-2^^ and H-2^^) on 
the basis of the H-2 typing of their spleen 
white blood cells. The clear areas represent 
mice backcrossed to the A parent. Stippled 
areas represent mice backcrossed to the 
C57BL/6 parent. The arrows indicate the 
average values of mice backcrossed to the 
A (-—») parent or the C57BL/6 (—•">) parent. 
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at least two genes must control the response since 
complementation can occur between the CBA and BALB/C 
strains. The second observation is that the H-2 region is 
not the major genetic element involved in control of the 
response. This is evident from the presence of signifi­
cant numbers of a/b haplotype mice which are intermediate 
responders. This is in agreement with the findings using 
congenic strains of mice (table 27). In reference to the 
latter observation, there is an indication that if two 
genes are hypothesized to control the response, one of 
these genes may map within the H-2 complex. 
To adequately resolve the location of the two genes 
which apparently control the response, it would be necessary 
to backcross the (CBA x BALB/C)f1 to the parental strains. 
If it were hypothesized that the CBA strain possessed an 
H-2 linked gene necessary for high responsiveness and the 
BALB/c strain a non-H-2 linked gene necessary for high 
responsiveness, the backcross of the (CBA x BALB/c)PI 
to the BALC/c strain would be the appropriate test. This 
is providing that H-2 type is the marker followed. If 
the gene locations were switched in the strains, the cross 
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to the CBA strain would be the appropriate test. The 
theoretical results is the first hypothesis were true 
are shown in the A section of table 29. 50?^ of the back-
cross generation mice should be high responders, all 
k typing H-2 positive. If the gene locations were 
switched (the second hypothesis), the results of the 
backcross presented would be 50^ high responders, but 
Ir 1^ 
there would be both H-2 positive and H-2 negative members 
of this high responding group. The alternate cross, to 
the CBA strain, would then show that the 50^ high 
responders were all H-2^ positive (section B of table 29). 
If neither hypothesis held, i.e., in neither backcross did 
d k it matter whether the mice typed H-2 or H-2 positive, 
then both genes would be mapped among the background 
(non-H-2) genes (section C of table 29). 
The results of the backcross experiments using the 
other strain combinations are illustrated in figures 27 
through 31. The results of the (SJL x DBA/l)Fl and 
(C57BL/6 X DBA/1)F1 backcross reinforce the conclusions 
reached above. The (A x SJL)Fl backcross shows unexpected 
depression of the response of some mice into the inter­
mediate responder range. The (A x DBA/l)Fl backcross 
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Table 29. Hypothetical results of backcrosses of the 
(CBA X BALB/C)F1 hybrid to determine the 
location of genes involved in the immune 
response to DNPf/HGG. in reference to the H-2 
complex. ^ ^ 
A. Predicted response pattern if the CBA strain 
possesses an H-2 linked gene required for high 
response and the BALB/C strain possesses a non-H-2 
linked gene required for high responses. 
Strain Proportion H-2 non-H-2 Response 
CBA All k/k -/- I  
BALB/c All d/d f/f I  
(CBA X BALB/c)F1 All k/d -/+ H 
F1 X BALB/c ^/^• d/k +/f H 
1/4 d/d +/+ I 
1/4 d/k +/- H 
1/4 d/d f/f T 
B. Predicted response pattern if the BALB/c strain 
possesses an H-2 linked gene required for high 
response and the CBA strain possesses a non-H-2 
linked gene required for high responses. 
Strain Proportion H-2 non-H-2 Response 
CBA All k/k +/+• I 
BALB/c All d/d -/- I 
(CBA X BALB/c)F1 All k/d +/" H 
F1 X CBA 1/4 k/d +/+ H 
1/4 k/k +/4- I 
1/4 k/d +/- H 
1/4 k/k +/- I 
C. Predicted response pattern if the genes required 
for high response possessed by both CBA and 
BALB/c strains are non-H-2 linked. 
Strain Proportion H-2 non-H-2 Response 
A B 
CBA All k/k +/+ -/- I 
BALB/c All d/d -/- +/+ I 
(CBA X BALB/c)F1 All k/d +/- -A H 
F1 X CBA 1/8 k/k +/+ -/+ H 
1/8 k/k +/f -/- I 
1/8 k/k +/- -/+ H 
1/8 k/k f/- -/- I 
l/8 k/d -/f H 
1/8 k/d +/-!- -/- I 
1/8 k/d f/- -/f H 
l/8 k/d +/- -/- I 
Figure 2?. The immune response,of (SJL x DBA/1) x SJL 
and (SJL x DBA/1) x DBA/1 baokcross mice. 
Serum antibody levels were determined by 
reverse radial immunodiffusion as described 
in the text. The mice are separated into 
three groups (H-2^^, H-2^^ and H-2^^) on 
the basis of the H-2 typing of their spleen 
white blood cells. The clear areas represent 
mice backcrossed to the SJL parent. Stippled 
areas represent mice backcrossed to the 
DBA/1 parent. The arrows indicate the 
average values of mice backcrossed to the 
SJL (—*) parent or to the DBA/l (——>) 
parent. 
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Figure 28. The immune response of (C57BL/6 x DBA/l) x 
C57BL/6 and (C57BL/6 x DBA/l) x DBA/l 
backcross mice. Serum antibody levels were 
determined by reverse radial immunodiffusion 
as described in the text. The mice are 
separated into three groups (H-2^^. H-2^^ 
and H-2^^) on the basis of the H-2 typing of 
their spleen white blood cells. The clear 
areas represent mice backcrossed to the 
C57BL/6 parent. Stippled areas represent 
mice backcrossed to the DBA/l parent. The 
arrows indicate the average values of mice 
backcrossed to the C57BL/D (—») parent or 
to the DBA/l (—^) parent. 
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Figure 2^. The immune response of (A x SJL) x A and 
(A X SJL) X SJL backcross mice. Serum 
antibody levels were determined by reverse 
radial immunodiffusion as described in the 
text. The mice are separated into three 
groups (H-2&&, H-2&S and H-2^^) on the 
basis of the H-2 typing of their spleen 
white blood cells. The clear areas represent 
mice backcrossed to the A parent. Stippled 
areas represent mice backcrossed to the SJL 
parent. The arrows indicate the average 
values of mice backcrossed to the A (—4) 
parent or to the SJL (---•) parent. 
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Figure 30. The immune response of (A x DBA/1) x A and 
(A X DBA/I) X DBA/1 backcross mice. Serum 
antibody levels were determined by reverse 
radial immunodiffusion as described in the 
text. The mice are separated into three 
groups H-2^% and H-2^^) on the 
basis of the H-2 typing of their spleen 
white blood cells. The clear areas represent 
mice backcrossed to the A parent. Stippled 
areas represent mice backcrossed to the DBA/l 
parent. The arrows indicate the average 
values of mice backcrossed to the A (—&) 
parent or to the DBA/l (-'••) parent. 
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Figure 31. The immune response of (SJL x CBA) x SJL 
and (SJL x CBA) x CBA backcross mice. Serum 
antibody levels were determined by reverse 
radial immunodiffusion as described in the 
text. The mice are separated into three 
groups (H-2^^, and H-2^^) on the 
basis of the H-2 typing of their spleen 
white blood cells. The clear areas represent 
mice backcrossed to the SJL parent. Stippled 
areas represent mice backcrossed to the CBA 
parent. The arrows indicate the average 
values of mice backcrossed to the SJL ( ' ») 
parent or to the CBA (——» parent. 
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shows a continuum of response in the mice possessing 
the a/q haplotypes, instead of discreet categories. These 
results, together with the heterogeneity seen among the 
high and intermediate responding F1 hybrids (table 2?), 
imply an effect of additional loci on the two loci 
defined with the (A x C57BL/6)F1 and (SJL x C57BL/6)F1 
backcrosses. 
Using these data, a simple two gene model of response 
is shown in table 30. The observed response parallels the 
predicted response in all cases. 
Sex-linked effects on the response 
While performing experiments on some of the F1 
hybrid crosses, it was noted that, in some cases, males 
consistently gave lower responses than females. The 
response of a group of 8 males and 8 females from each 
strain were matched for age and their response examined 
to the 40 uff in reeimen. These results are 
- -  -  -  -  -  g  ^ 
presented in table 31• Of the six inbred strains 
analyzed, two (C57BL/l0Sn and CBA) have a significantly 
higher anti-DNP response of females compared to males. 
Examination of weight differences between males and 
females of the backcrosses found that this factor cannot 
account for the differences in response. 
The model for the genetic control of the immune response 
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Table 30» A model for the genetic control of the immune 
response of mice to DNP^^HGG^.^ 
Strain Gene 1 Gene 2 Predicted Observed 
SJL 
A 
C57BL/lOSn 
C57BL/6 
CBA 
BALB/C 
DBA/l 
BIO.A 
BIO.A (2R) 
BIO.BR 
B10.D2 
SJL X A 
SJL X C57BL/6 
SJL X CBA 
SJL X BALB/c 
SJL X DBA/l 
A X C57BL/6 
A X CBA 
A X BALB/c 
A X DBA/l 
C57BL/6 X CBA 
C57BL/6 X BALB/c 
C57BL/6 X DBA/l 
CBA X BALB/c 
CBA X DBA/l 
BALB/c X DBA/l 
1 Î 
i 
I 
t-
+/-
I 
I: 
I 
I 
i: 
-/-
H 
H 
I -L 
I-L 
I -L 
I-L 
I-L 
I -L 
I -L 
I -L 
I-L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
I -L 
I-L 
I-L 
H 
I-L 
I-L 
H 
H 
I-L 
I-L 
I-L 
I-L 
I-L 
I-L 
I-L 
I-L 
I-L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
I-L 
I-L 
I-L 
H 
I-L 
I-L 
H = high responder, greater than 500 \xg/ml antibody 
concentration against DNP; I-L = intermediate/low 
responder, less than 500 pg/ml antibody concentration 
against DNP. 
Table 3 1 .  The immune response of 
strains to DNP^^HGG^.^ 
female and male mice of different inbred 
Strain Female b 
Ab. Cone. (SEM) 
Male 
Ab. Cone. (SEM) 
Difference 
(F-M) 
Significance 
SJL 673 (68) 721 (65) -48 <0.5 
A 705 (66) 797 (74) -92 <0.4 
C57BL/lOSn 219 (60) 0 ( 0) 219 <0.005* 
CBA 271 (77) 23 (23) 248 <0.01* 
BAlB/c 488 (62) 404 (50) 84 <0.4 
DBA/l 0 ( 0) 14 (14) -14 <0.4 
^^For each strain, eight mice of each sex were immunized with 50 pig DNP^^HGG^ 
in 1 mg Al(OH)^. 
^'Antibody concentration in vig/ml by reverse radial immunodiffusion. SEM = 
standard error of the me sin 
Difference between females and males is significant 
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to DNP^^HGG^, presented in table 30 is clearly the 
simplest hypothesis. A more detailed model would have to 
include the sex-linked effects which have been demonstrated 
as well as the effect of minor loci on adding variations 
within the categories of response (figures 30 and 31» 
table 27). 
Recognition of the DNP-HGG Molecule 
by Inbred Strains 
Because of the large and consistent differences 
seen in the response of inbred strains to high conjugation 
DNP-HGG, attempts were made to elicit a response in the 
strains using the carrier (HGG^) as the immunogen as well 
as a lower conjugation antigen (DNP^qHGG^). In addition, 
heat aggregated HGG^ (hHGG^) was used. Four mice from 
each of five inbred strains were immunized with 100 pg of 
protein using the CFA regimen. Equal amounts of the serum 
obtained from each mouse were used to make a pool for 
each strain with each antigen. These serum pools were 
then tested for antibodies against DNP and against HGG^ 
using reverse radial immunodiffusion. The results are 
presented in table 32. 
With the exception of the GBA strain, all the strains 
produce about 2 mg/ml antibody against HGG when immunized 
with the carrier alone under this regimen. The results of 
immunization with hHGG^ show the same results. The GBA 
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Table 32. The immune response of inbred mouse strains to 
immunization with various proteins. Four 
female mice from each strain were immunized 
with 100 pg of each protein in CFA as outlined 
in the text. 
Strain 
SJL 
C57BL/lOSn 
CBA 
DBA/1 
Immunogen 
HGG^ 
hHGG, 
DNP^^HGG 
DNP^qHGG 
HGG^ 
hHGG^ 
DNP^^HGG 
DNP^qHGG 
HGGi 
hHGG^ 
DNP^^HGG 
DNP^qHGG 
HGG^ 
hHGG^ 
DNP^gHGG 
DNP^qHGG 
HGG^ 
hHGG, 
DNP^gHGG^ 
DNP^qHGG^ 
Antibody Cone, (ug/ml) 
Anti-DNP Anti-HGGo 
0 2580 
0 1920 
1285 0 
520 2380 
0 2360 
0 2070 
395 0 
500 1180 
0 2360 
0 2580 
435 0 
575 1150 
0 680 
0 1210 
195 0 
575 1150 
0 1920 
0 1315 
0 0 
0 0 
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strain produces only about a third of the antibody 
produced by the other four strains. By contrast, when 
the strains are immunized with DNP^^HGG^, the pattern of 
response is the same seen throughout these studies. A 
notable exception is the A strain. This may be due to a 
mutation which has occurred in this strain since the 
start of these studies. Evidence for this occurrence 
comes from a personal observation of changes in the 
appearance of the mice, a personal communication from 
Dr. D. Shreffler of Washington University that these 
mice appear to be giving a different pattern of response 
to antigens whose response has been mapped to specific 
Ir genes, and a personal communication from Dr. J. 
Woodruff of the Downstate Medical Center in New York 
that injection of the mice with cortisone results in 
the death of a proportion of the mice of this strain. 
Nevertheless, this strain still generates large amounts 
of antibody to HGG^ alone. 
Regardless of the magnitude of the strain response 
to DNP^^HGG^, or to HGG^, the response to DNP^^HGG^ 
under these conditions does not elicit any antibodies 
against HGG. By contrast, the use of a lower conjugation 
antigen, DNP^qHGG^, elicits antibodies against both the 
carrier (HGG) and the hapten (DNP). However, the strains 
no longer show the categorization seen with DNP^^HGG^. 
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With DNP^qHGG^ immunization, all strains generate about 
0.5 mg/ml anti-DNP antibody, with the exception of the 
DBA/1 strain, which generates none. All the responding 
strains produce about 1 mg/ml anti-HGG antibody except 
for the SJL strain which generates 2 mg/ml. Figures 32a 
through 32tare photographs of double immunodiffusion 
analysis of the antisera raised in this experiment. 
Interestingly, antibodies raised against HGG^ or hHGG^ 
show no crossreactivity with DNP^^HGG^ in any strain. As 
expected, antibody populations raised against DNP^^HGG^ 
show no anti-HGG antibody. The lower conjugation antigen, 
DNP^qHGG^, does show identity with HGG itself. It appears 
quite evident from these studies that, as originally 
hypothesized (Newton and Warner 1977)1 the degree of 
conjugation with DNP is the aspect of the immunogen which 
generates the differences among strains. 
As an extension of this study, the mice were allowed 
to rest for one month after the test bleeding before they 
were boosted with either DNP^^HGGg, HGGg, or DNP^^BGG in 
saline (100 pg amounts). The mice immunized with HGG^ 
and hHGG^ were pooled and randomly selected for boosting. 
The individual serum samples were then assayed for anti-DNP 
and anti-HGG antibodies by reverse radial immunodiffusion. 
These results are presented in table 33• 
For the mice immunized with DNP^^HGG^, boosting with 
DNP^^HGG^ 
o 
BGG 
HGG. O O 
^ Anti-
o 
serum 
HGGg Q O HGGi 
o 
DNP^qHGGj 
Antisera: 
a. SJL anti-HGG^ s. CBA anti-DNP^QHGG^ 
b. A anti-HGG^ t. DBA/l anti-DNP^QHGG^ 
c. C57BL/10 anti-HGG^ 
d. CBA antl-HGG^ 
e. DBA/l anti-HGG^ 
f. SJL anti-DNP^^HGG^ 
g. A anti-DNP^^HGG^ 
h. G57BL/10 anti-DNP^^HGG^ 
i. CBA anti-DNP^^HGG^ 
j. DBA/l anti-DNP^^HGG^ 
k, SJL anti-hHGG, 
1. A anti-hHGG^ 
m. C57BL/10 anti-hHGG^ 
n. CBA anti-hHGG^ 
o, DBA/1 anti-hHGG^ 
p. SJL anti-DNP^QHGG^ 
q. A antl-DNP^oHGG^ 
r. C57BL/10 anti-ONP^^HOG^ 
Figure 32, Photographs of dried and stained gels 
analyzing antisera by double immunodiffusion 
against various antigens. The sera analyzed 
were raised in five inbred strains using 
four different antigens as described in 
table 32. The twenty sera were analyzed 
against a set pattern of antigen, as shown 
above. 
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Figure 32 (continued) 
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1 HGGG 0 
1 DNP^GHGGG 0 
1 DNP^^BGG 0 
56HGGI DNP^GHGGG 705 
56HGGI DNP^^BGG 650 
LOHGGI DNP^GHGGG 525 
LOHGGI DNP^^BGG 295 
Table 33- The immune response of inbred mouse strains 
which had been immunized with one antigen and 
subsequently boosted with an alternate antigen. 
Points are for individual mice.& 
——In™^ORGn— Antibody Cone, (ug/ml) 
Strain 1° and 2° 3 Anti-DNP Anti-HGG^ 
SJL HGG^ 7^5 
HGG^ g g 2015 
HGG, CC 805 
940 
0 
2445 
880 
HGG^ HGGg 0 1590 
HGG^ DNP^gHGGg 0 2220 
HGG^ DNP^^BGG 0 1810 
DNP^^HGG^ DNP^gHGGg 195 0 
DNP^gHGG^ DNP^^BGG 195 0 
DNP^qHGG^ DNP^gHGGg 375 2640 
DNP^qHGG^ DNP^^BGG 355 940 
0 920 
HGG^ DNP^gHGGg 0 1590 
HGG, DNPFFBGG 0 810 
285 0 
300 0 
280 1750 
DNP-^HGG. DNPffBGG 365 750 
1 HGGg 
1 , 
1 ^^ ' 
56HGG1 DNP^yHG^ 
'56HGG1 DNP^^BGG 
loHGGi DNP^gHGG 
loHGGi ^^
Mice which had been immunized with various antigens 
and assayed with the results in table 32 were 
selected at random and boosted with the antigens cited 
under tertiary immuncgen 
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Table 33 (continued) 
——Immunogen— Antibody Cone, (ug/mll 
Strain 1° and 2° 3 Anti-DNP Anti-HGG. 
CBA HGG^ HGGg 0 0 
HGG^ DNP^gHGGg 0 0 
HGG^ DNP^^BGG 0 0 
DNP^^HGG^ DNP^^HGGg 0 0 
DNP^^HGG^ DNP^^BGG 0 0 
DNP^qHGG^ DNP^gHGGg 0 0 
DNP^qHGG^ DNP^^BGG 0 0 
DBA/1 HGG^ HGGg 0 0 
HGG^ DNP^gHGGg 0 810 
HGG^ DNP^^BGG 0 0 
DNP^^HGG^ DNP^gHGGg 0 0 
DNP^^HGG^ DNP^^BGG 0 0 
DNP^qHGG^ DNP^gHGGg 0 910 
DNP^qHGG.J^ DNP^cBGG 0 0 
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either DNP^nHGGo or with DNP^-BGG elicits the same amounts 
59 2 53 
of anti-DNP antibody for all strains. Only in the SJL 
mouse boosted with DNP^^HGGg is any anti-HGG antibody 
found. This appears to be in contrast to classical 
experiments on the carrier effect (Ovary and Benacerraf 
19631 Thaler et al. 1977) which show that, to boost an 
anti-DNP response, the hapten (DNP) must be administered 
on the same carrier molecule (in this case HGG). It is 
highly probable that the "carrier" determinant recognized 
by most of the strains in these experiments is defined, 
at least partially, by the DNP group. Such "hapten 
reactive" helper T cells have been identified in other 
systems (Rubin and Wigzell 1973). 
With the exception of the SJL strain, no strain 
appears to recognize HGG specified determinants in response 
to DNP^^HGG^ or DNP^^HGGg. This may be the reason for 
the high response of the SJL strain. The fact that this 
strain also makes twice as much anti-HGG antibody as 
other strains in response to immunization with DNP^qHGG^ 
(table 32) reinforces this conclusion. The heavy conjuga­
tion with DNP, which is apparently responsible for the 
response pattern seen in these studies, would be respon­
sible for masking the determinants on the HGG molecule 
which may be recognized by the other strains used. 
The mice immunized with DNP^qHGG^ had elicited anti­
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bodies directed against both DNP and HGG after the 
secondary immunization. Boosting with DNP^^HGGg generates 
the same amount of anti-DNP antibody as boosting with 
DNP^^BGG. This is similar to results discussed already. 
However, boosting with DNP^^HGGg increases the response 
to HGG also, whereas boosting with DNP^^BGG does not. 
Therefore it seems that DNP^^HGGg can serve as a boosting 
antigen when HGG memory cells are already present, but 
cannot generate HGG memory cells when used as the 
primary immunogen. 
The boosting of HGG primed mice with DNP^^HGGg 
confirms the fact that the latter can serve as a boosting 
immunogen when HGG memory cells are already present. 
Boosting with DNP^^HGGg elicits good titers of anti-HGG 
antibody. In fact, it is a better boosting immunogen than 
HGGg alone. The latter is not significantly better than 
DNP^^BGG as a boosting immunogen. These results indicate 
that, although both immunogens are HGG, the different 
properties of different lots and sources create antigens 
of different specificities. Conjugation with DNP appears 
to abrogate some of these differences. An alternate 
explanation is that a suppressor mechanism has evolved 
with HGG alone, and the conjugation with DNP allows some 
circumvention of the mechanism. The titers elicited by 
DNP^^BGG are probably due to the low degree of cross-
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reactivity between HGG and BGG. Such cross-reactivity 
in primed animals can result in partial boosting of the 
response, even though the cross-reactivity is low (Thaler 
et al. 1977). 
The Development of an In Vitro 
Culture System for DNP-HGG 
The development of in vitro culture systems has 
greatly aided in the detailed study of the cell inter­
actions involved in the immune response (Feldmann 1977)• 
The systems have numerous advantages including the ability 
to control cell number and antigen concentration, to 
assay for soluble intermediates, and to control cell 
migration and cell types present. Considering the amount 
of information which can be obtained from such in vitro 
systems, it was extremely advantageous to develop such a 
system for DNP-HGG. The system was developed following 
the parameters outlined by Mishe11 and Dutton (1967) and 
Button and Mishell ( i 9 6 7 ) .  
The tissue culture plates were selected on the basis 
of their capacity. Since the strength of the response to 
the antigen in vitro was unknown, a system which could 
optimally handle 5 % 10^ to 1 x 10^ cells per well was 
sought. Based on the study of Gurvitch ejt al. (1975)» 
who found that three cell layers gave an optimal response, 
the surface area required for 5 x 10^ cells in three 
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layers was estimated and the culture plates selected 
accordingly. 
The next process involved medium selection, serum 
additions, cell concentration and antigen concentration. 
RPMI 1640 medium was selected for use because it is readily 
available from commercial sources, and it contains high 
levels of amino acids, especially arginine. This latter 
condition is important for cultures of lymphoid cells 
because suppression of immune responses in some culture 
systems occurs through arginine depletion of the medium 
by macrophages (Kung et a2. 1977). The medium used was 
buffered with both bicarbonate and HEPES buffer since 
HEPES alone will not support an immune response in vitro 
(Adams 1973). This is possible due to the fact that 
COg is an essential nutrient for cell culture (Itagaki and 
Kimura 197^) with the bicarbonate buffer helping to 
maintain CO^ levels in the open cultures. The use of 
bicarbonate buffer alone may provide insufficient 
buffering capacity since its pKa of 6.1 at 37°C gives 
suboptimal buffering in physiological pH ranges (Itagaki 
and Kimura 197^). 
The advantages and disadvantages of the addition of 
serum to the medium were next considered. The principal 
advantage of serum is reported to be the ability to use 
lower cell concentrations with increased viability (Eagle 
i960). The study of Adams (1973) shows that the buffering 
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capacity of the serum appears to be its most important 
property although a nutritional effect is also important. 
However, the list of disadvantages resulting from serum 
addition is long. Serum introduces foreign antigens, 
possible bacteriological contaminants, ill-defined 
nutrients and growth factors, large amounts of various 
proteins and unknown levels of certain hormones. Serum 
can influence immune responses through nonspecific 
stimulation (Mishell and Button I967, Vogt et al. i 9 6 9 )  
or inhibition (Newberry and Sanford i97i). Shiigi ejt al. 
(1977) have found that the nonspecific stimulation can 
be due to the adjuvant properties of a bacterial contaminant 
of serum. In many systems, sera must be screened for 
properties which give the desired effect (Byrd 1971, 
Brummer et a2. 1977). 
As a preliminary experiment, serum was tested for 
its effects on the system developed. Various combinations 
and concentrations of fetal calf, horse and human sera 
were assayed for their effect on the ability of primed 
cells to incorporate ^H-thymidine after antigen challenge. 
All sera had been heat inactivated prior to use. As 
seen in table 3^» a high amount of incorporation was 
obtained with 10^ serum addition with and without the 
addition of antigen. Attempts to repeat the experiment 
with the 10% serum addition which showed a significant 
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Table 34. The effect of serum on the immune response in 
vitro of SJL female spleen cells from mice 
primed l4 days earlier with DNP^^HGG^ in CFA. 
All cultures were stimulated with 1 jag DNP^^HGG^ 
Serum Addition Antigen cpm + S.D. Ag /kg 
None + 24505 + 14864 5.2 
- 4747 + 2317 
PCS + 9767 + 8776 3.0 
- 3212 + 431 
10% FCS + 77233 + 1840 1 . 7  
- 45865 + 1113 
5^ 0 HS + 8613 + 4915 3.2 
- 2675 + 167 
HS, 5^ 0 FCS + 33771 + 5099 3.3 
- 10182 + 799 
HoS + 42037 + 2609 1.5 
- 28195 
5% HoS, 5% HS + 155907 + 19062 1.0 
148518 
5^ 0 HoS, 5% FCS + 26985 + 9472 1 . 0  
— 26446 
None + 33383 j- 16235 7.6 
- 4388 + 24l 
59S HS, 5% FCS 151536 + 3309 1.1 
- 141488 + 1656 
^Additions; FGS = fetal calf serum; HS = human serum; 
HoS = horse serum. All were heat inactivated, 
^S.D. = standard deviation 
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difference (5^ horse serum, fetal calf serum) were 
negative (table 34). The addition of serum did not 
give any significant increase in label incorporation due 
to antigen stimulation over no serum added. The exception 
is 59^ horse serum which showed a highly stimulatory 
effect even in the absence of antigen. Because of the 
numerous limitations of serum addition, cultures were set 
up using serum free media whenever ^H-thymidine incorpor­
ation was assayed. 
A block experiment was next set up to optimize both 
cell and antigen concentrations. A pool of spleens from 
DNP^^HGG^ primed SJL female mice was used. An initial 
experiment had shown that the optimal cell concentration 
fell between 5 and 10 x 10^ cells/well. Figures 33 and 
34 show the results of later experiments. 16 jig of antigen 
per culture was selected since addition of tenfold 
greater amounts showed no further significant increases 
in stimulation (figure 33)• A cell concentration of 
6,5 X 10^ cells per well is also optimal since further 
increases in cell number show inhibition or no increase 
in label incorporation (table 34). It should be noted 
that adjusting from cpm to cpm per 10^ cells yields the 
same patterns. 
Using these conditions, the time of ^H-thymidine 
incorporation was assayed by adding the radioactivity for 
Figure 33• Graph showing the amount of label incorporation 
as a function of the amount of antigen used to 
stimulate the culture at six different cell 
concentrations. (•) 7.5 x 10^; (O) 7-0 x 10^; 
( • ) 6.5 X icf; ( • ) 6.0 X icf; ( A ) 5.5 X icf; 
( A  )  5 . 0  X 10*. 
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Figure 34. Graph showing the amount of label incorporation 
as a function of the cell concentration at six 
different antigen concentrations. 
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2k hour periods over 5 days of culture. The cultures were 
set up from a pool of spleen cells from DNP^^HGG^ primed 
SJL female mice. The results, graphed in figure 35f show 
that there is high incorporation in both stimulated and 
unstimulated cultures in the first 24 hours. This rate of 
incorporation is sustained in the stimulated cultures 
and peaks on day 4, but incorporation rapidly falls off 
in the unstimulated cultures. 
This parallels a study of cell number and cell 
viability performed using the same cell pool. Cultures 
were examined at the same time as label incorporation 
was measured. These results are presented in figure 36. 
The results follow the prediction of the label incorporation 
experiment, i.e., when a large amount of incorporation 
is seen on day 4 (indicating DNA synthesis), an increase 
in cell number is seen on day 5» These results are in 
agreement with the initial studies of Miahell and DuLLon 
(1967) and Button and Mishell (I967). Later studies 
showed that daily feeding of the cultures with 100 )al 
of fresh medium (about 10% of the total volume) could 
increase the final cell number to 2 to 3 x 10^ cells per 
well, instead of the 1 x 10^ cells per well seen here. 
The method of assay for label incorporation was also 
examined. Removal of the cell supernatants resulted in 
the loss of no more than 2% of the total viable cells 
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Figure 35' Graph of the rate of incorporation of 
^H-thymidine into large molecular weight nucleic 
acids as a function of time in culture in both 
antigen stimulated and antigen unstimulated 
cultures. See text for discussion. 
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Figure 36. The decrease in cell viability with time in 
culture in antigen stimulated (#) and antigen 
u n s t i m u l a t e d  c u l t u r e s  ( O ) .  
2]2 
Table 35- The effect of the volume of 1.5^ DOC used to 
disrupt cells on the final number of counts 
assayed. 
Vol. of DOC No. of Papers Total cpm + S.D.^ 
(ml) Spotted 
0.15 3 276410 ± 16032 
0.3 5 317872 ± 18437 
0.6 8 338879 ± 16164 
0.9 11 309549 ± 25169 
1.2 14 305262 ± 14242 
&8.D. = standard deviation 
present in the well. The use of deoxycholic acid as a 
detergent for disrupting the cells results in a thick 
slurry (depending on the final concentration of cells) 
which is then spotted on the DE81 papers. Additional 
washing of the plate for 1 hour with 1.5?^ DOC, with a 
mixture of Triton X-100 and SDS, or with Tris buffer 
containing BSA, released no further significant counts 
above background. The use of 1.^% DOC therefore appears 
to effectively release all the DNA present with label 
incorporated. Microscopically, only cell membranes can 
be seen attached to the plate after the detergent 
treatment. 
The effect of the volume of DOC used to remove the 
cells was also examined. It was thought that quenching 
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might occur due to the thickness of the slurry applied 
to the paper. As seen in table 35» the volume of 1.5^ 
DOC used does not appear to greatly affect the final 
counts measured. It was later discovered that removing 
the culture supematants, freezing to -20°C, and then 
heating to room temperature before addition of the 1.$# 
DOC gave a less viscous and therefore a more manageable 
slurry. 
The effect of buffered ammonium chloride lysis of 
the red blood cells (rbc's) prior to plating the spleen 
cell cultures was also examined. The results, presented 
in table 36, show that removal of the rbc's can increase 
the amount of label incorporated, presumably due to better 
interactions resulting from less interference by rbc's. 
Here, optimal conditions occur with 5^ PCS, probably 
required as a medium "conditioner" to replace the effect 
of the rbc's on the medium. Lysis of the rbc's apparently 
can increase the sensitivity of the culture assay. 
An extension of this experiment was one performed 
on cell viability and cell number over the course of 
culturing. Assayed were the effects of buffered ammonium 
chloride lysis of rbc's, ficoll-hypaque isolation of 
lymphocytes and unbuffered ammonium chloride lysis of rbc's. 
The resulting lymphocyte populations were cultured in 
unsupplemented medium, medium supplemented with FC8, 
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Table 36. The effect of ammonium chloride lysis of red 
3 blood cells on the incorporation of ^H-thymidine 
in in vitro cultures of DNP^^HGG^ primed SJL 
female spleen cells. Cultures were stimulated 
with 16 jag of DNP^^HGG^. 
Medium^ NH4CI Antigen cpm AgVAg~ 
Unsupplemente d + 112126 1.6 
- - 69799 
+ + 26903 2.0 
+ - 13329 
% PCS - + 157975 3.4 
— - 46180 
+ + 245750 7.2 
+ - 34252 
10^ PCS - + 119618 1.9 
- - 61691 
+ + 171660 3.4 
+ — 51118 
^PMI 1640 medium with 25 mM HEPES buffer, alone or 
supplemented with heat inactivated fetal calf serum 
(PCS) was used 
and medium supplemented with 2 mg/ml BSA. The last 
condition was used in an attempt to define the effects of 
protein alone on the overall cell viability. The results 
of these experiments are graphed in figures 37» 38, and 39-
The preparations with the fewest rbc's are those from 
ficôll-hypaq.ue and buffered ammonium chloride (figure 3 7 ) .  
Unbuffered ammonium chloride gives poor removal of rbc's 
although the rbc's do appear to lyse spontaneously after 
Figure 37' The percent white blood cells present in 
the culture as a function of the number of 
days in culture using three different media 
after various treatments to remove red 
blood cells. The media used include un-
supplemented RPMI 1640 (A), medium with 5^ 
FCS (B), and medium with 2 mg/ml BSA (C). 
Cells were either untreated (O) or treated 
with ammonium chloride (#), ficoll-hypaque 
( • )I or buffered ammonium chloride ( • ) 
as described in the text. 
PERCENT WHITE BLOOD CELLS / CULTURE 
Figure 38. The percent of viable cells present in the 
culture as a function of the number of days 
in culture using three different media after 
various treatments to remove red blood cells. 
The media used unclude unsupplemented RPMI 
1640 (A), medium with 5% PCS (B), and medium 
with 2 mg/ml BSA (C). Cells were either 
untreated (O) or treated with ammonium 
chloride (#), ficoll-hypaque (#), or 
buffered ammonium chloride (•) as described 
in the text. 
PERCENT VIABLE CELLS/CULTURE 
Figure 39- The number of viable nucleated cells present 
in culture as a function of the number of 
days in culture using three different media 
after various treatments to remove red blood 
cells. The media used include unsupplemented 
RPMI 1640 (A), medium with 5% FCS (B), and 
medium with 2 mg/ml BSA (C). Cells were 
either untreated (O) or treated with 
ammonium chloride (•), ficoll-hypaque (•)> 
or buffered ammonium chloride (•) as 
described in the text. 
VIABLE CELL NUMBER/CULTURE { x 10 "^ ) 
241 
a few days in culture. 
In all instances, viability falls off after the first 
two days of culture, but then either levels off (around 
50^) or increases slightly (figure 38). An increase in 
viability is probably due to lysis and dispersement of 
some dead cells. With the exception of the unbuffered 
ammonium chloride treatment (which gives lower overall 
viability), the treatments appear to give equal long term 
viability in the resulting cell population. Figure 39 
graphs the number of viable nucleated cells present over 
the course of the experiment. The addition of 5% FCS to 
the medium increases the resulting cell number. This 
effect is not seen with the addition of a defined protein 
(BSA) to the medium. Overall, none of the treatments 
show a distinct advantage on the final number of cells. 
However, use of the buffered ammonium chloride is to be 
preferred since it yields the highest cell number (about 
80% of the original population), excellent removal of 
rbc's, and good long term viability. 
An alternative method to assay for antigen stimulation 
involves the development of antibody secreting cells in 
the culture. Theoretically, the DNA synthesis measured 
above results in the development of antigen specific 
plasma cells and memory cells. The antibody secreting 
cells can then be quantitated in a plaque forming cell 
Table 37» Results of an attempt to develop a primary 
in vitro response against DNP^^HGG^ using medium 
and medium supplemented with 5% PCS. Cultures 
were stimulated with 16 pg of DNP^^HGG^. 
Strain Antigen Total Anti-DNP PFCAfell 
Unsupplemented Medium with 
Medium 555 FCS 
A + 0 0 
- 0 6 
SJL + 0 3 
- 0 12 
C57BL/lOSn + 0 0 
- 0 0 
CBA + 0 6 
- 0 15 
DBA/1 + 0 24 
0 33 
assay. Attempts were therefore made to develop anti-DNP 
antibody secreting cells in vitro using DNP^^HGG^. 
The results of an attempt to develop a primary 
response in culture is presented in table 37» Medium 
and medium supplemented with % FCS were tested without 
any further additions. Essentially no plaque forming cells 
(PFC's) were elicited with the cells cultured in medium 
alone. PFC's did develop in the medium supplemented 
with % PCS but these PFC's do not develop in response 
to the antigen, but also appear in the cultures without 
antigen. 
Since Click e^^. (1972) have reported that the 
addition of 2-mercaptoethanol (2-ME) increases the 
24-3 
Table 38. The results of an attempt to develop a primary 
response against DNP^^HGG^ in vitro. Spleen 
cells from the two high responder strains to 
DNP^^HGG^ were stimulated with l6 |ig of DNP^^HGG^. 
Strain Addition^ Antigen PFC/well i S.D.^ 
A none + 11 
- 17 
PEC + 6 + 8 
- 42 + 50 
2-ME + 6 + 0 
- 17 + 15 
SJL none + 17 + 15 
- 14 + 11 
PEC + 3 + 4 
- 14 + 4 
2-ME + 9 + 4 
14 + 4 
^Additions: PEG = 2 x 10^ cells washed from the 
peritoneal cavity (designated peritoneal exudate cells) 
were added per culture; 2-ME = 2-mercaptoethanol was 
added to a final concentration of 5 x 10"-^ M 
^S.D. = standard deviation 
development of PFC's in culture, 5 % 10"5 m 2-IVIE was 
added to the culture medium. The 2-ME is reported to 
functionally substitute for macrophages in culture (Opitz 
et al: 197?) so peritoneal exudate cells were also added 
to designated cultures without 2-ME. All cultures con­
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tained medium supplemented with 5?^ heat inactivated PCS. 
Using these conditions, primary PFC's were sought in 
stimulated cultures of unprimed cells of the high responding 
A and SJL strains. These results are presented in table 
38. An additional experiment was set up using unprimed A 
and DBA/1 strain cells from spleens and lymph nodes. 
These results are presented in table 39' It is clear that 
significant numbers of PFC's are not generated in the 
high responders under any of the conditions attempted. 
The DBA/l strain shows a high number of lymph node PFC's 
but these are seen in both antigen stimulated and 
unstimulated cultures. The overall conclusion reached is 
that either the low immunogenicity of the antigen does not 
allow for the development of a strong primary response 
in vitro, or some component necessary for the primary 
response is absent in the culture system. It also appears 
that lymph node cells give a more vigorous primary response, 
but cells removed from these organs are limited in number. 
Attempts were also made to develop a secondary response 
in vitro. Primed SJL female cells were placed in culture 
with antigen and the PFC's measured on day 5« Various 
additions to the medium were tested for their effect on 
final cell number and PFC's. The 10^ FCS addition is used 
in most culture systems assaying for PFC development. Use 
of the bicarbonate buffered RPMI 1640 was based on the 
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Table 39• Results of an attempt to develop a primary 
in vitro immune response using spleen and 
mesenteric lymph node cells from A and DBA/l 
mice. Cultures were stimulated with 16 jjg 
of DNP^^HGG^. 
Strain Cell Source Addition Antigen 
DBA/1 
Spleen 
Spleen 
Spleen 
Lymph Node 
Spleen 
Spleen 
Spleen 
Lymph Node 
None 
PEC 
2-ME 
None 
None 
PEC 
2-ME 
None 
+ 
+ 
+ 
Anti-DNP 
PFC/Well 
0 
22 
17 
27 
44 
0 
5 
39 
17 
26 
33 
22 
99 
105 
83 
* A 4 4- n c* . "DT? — o V 1 r>et'\ 1 q woesVioH •fyrvTn +.hp 
peritoneal cavity were added per culture ; 
mercaptoethanol was added to the cultures 
2-ME = 
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report of Adams (1973) that PFC's develop in bicarbonate 
buffered medium but not in HEPES buffered medium. Addition 
of fetuin, an alpha fetoprotein, followed the pattern of 
PFC development outlined by Burger (1977)• He found that 
addition of 0.25 mg/ml fetuin, 0.5 mg/ml heated fetuin 
(100°C for 8 minutes), or 0.5 mg/ml heated fetuin with the 
addition of human serum to a final concentration of 5^ 
for the last hours, could effectively replace serum in 
the medium. 
The results of the experiments performed here are 
shown in table 40. A number of observations are immediately 
obvious. The only condition which gave a significant 
increase in PFC number with antigen stimulation was the 
unsupplemented RPMI l640 with HEPES and bicarbonate 
buffer. Unlike the results of Adams (1973)» the bicarbonate 
buffered RPMI 1640 showed no increase in PFC's with antigen 
addition. The cultures with 10^ FCS or with its reported 
functional substitute, fetuin, show significant suppression 
of the in vitro secondary response upon antigen addition. 
Since these are high responder SJL female cells, it 
cannot be unequivocally stated whether this is an 
activation of a feedback suppression mechanism which is 
normally operative in vivo, or whether a suppressor 
mechanism has resulted under the culture conditions used. 
The use of fetuin also resulted in low cell recovery 
Table 40. Results of an attempt to stimulate a secondary response to DNP^^HGG^ 
in vitro using various culture conditions. Primed SJL female spleen 
cells with cultures stimulated with l6 jag of DNP^^HGG^. 
Medium Supplement^ Antigen Final Viable Anti-DNP . Ag"^/Ag 
Cells/Well PFC/Well + S.D. 
None + 1 . 1 6  x  10° 102 + 2 4  1 1 . 3  
- 00
 
0
 
x  10-^ 
10^ 
10^ 
9  + 4  
lOfo  PCS 4 - 1 . 2 0  x  294 + 9 3  0 . 2  
- 1 . 6 8  x  1800 
Bicarbonate Buffer f  ON
 
x  10^ 
10^ 
4  + 3  0 . 6  
- 1 . 1 2  x  6 + 8 
Fetuin + 3 . 6 0  x  10^ 6 + 8 0 . 1  
- 4. 00 x  10^ 4 5  + 4  
Heated Fetuin + 3 . 6 0  x  10^ 6 + 8 0 . 2  
- 5 . 6 0  x  10^ 2 7  + 21 
Heated Fetuin + HS + 2 . 8 0  x  10^ 1 2  + 0  0 . 8  
- 2 . 8 0  x  10^ 1 5  + 2 1  
^RPMI 1640 medium was supplemented with; PCS = fetal calf serum; Bicarbonate 
buffer alone (HEPES buffer was used in addition in all others); fetuin = 
0.25 rag/ml fetuin; fetuin was heated at 100°C for 8 minutes and used at 
0.5 mg/ml; HS = human serum added for the last 24 hours of incubation 
^S.D. " standard deviation 
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(about a third of the number of cells recovered under 
conditions without fetuin). Thus, although the concentra­
tion of PFC's in the fetuin supplemented cultures was 
high, the actual number recovered was low. The results 
presented here may show parallel to those of Burger 
(1977) since he presented his results as concentration 
of PFC's per 10^ cells, but did not provide a serum 
supplemented control for comparison. 
Even though the unsupplemented medium showed a 
significant increase in PFC number with antigen stimula­
tion, these numbers are still very low in comparison to 
other systems (Mishell and Button i967, Adams 1973» 
Burger 1977). Again, this may attest to the low immuno-
genicity of DNP^^HGG^ or may point to some substance 
which is necessary for the response but which is absent 
in the culture system. The fact that the cultures with 
lOfo without antigen give high numbers of PFC's may 
indicate the latter to be the case. 
An experiment was performed with cells from four 
different inbred strains to investigate the suppressive 
effect of 10^ FCS seen in the SJL female cultures. The 
PCS v/as added to a final concentration of 10^ on day 2 
instead of at the onset of culturing since the serum 
addition seemed to be important for long term viability 
rather than antigen activation. These results are 
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Table 41. Results of an attempt to develop a secondary 
response to DNP^^HGG^ in vitro using primed 
female spleen cells. Cells were fed with 100 ul 
of PCS on day 2, with unsupplemented medium used 
at all other times. Cultures were stimulated 
with l6 ug of DNP^^HGG^. 
Strain Antigen Anti-DNP AgVAg 
PFC/well + S.D.& 
A + 94 ± 37 2.5 
- 38 + 11 
SJL + 22 + 21 0.5 
- 49 ± 27 
C57BL/lOSn + 19 ± 6 5.4 
- 4 + 5  
DBA/1 + 27 ± 37 -
_ 0 f 0 
^S.D, = standard deviation 
presented in table 4l. Again, antigen suppresses the 
response of the SJL cultures.. The other strains show 
significant increases in PFC's with antigen stimulation. 
The resulting pattern does not parallel the in vivo 
results. It may be that the high responding strains 
(A and SJL) demonstrate a feedback suppression mechanism 
in this secondary response, whereas the intermediate 
(C57BL/10Sn) and low (DBA/l) responding strains may be 
showing a primary response to the antigen iji vitro. 
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In Vitro Examination of 
the Immune Response 
The development of an in vitro culture system for 
use with DNP-antigens offered the possibility for numerous 
studies. The basic method involves placing either 
primed or unprimed cells into culture, and then challenging 
with a set dose of antigen. The development of the 
technique and the optimization of the various parameters 
have been discussed. Various experiments were performed 
to examine the response to DNP-HGG in vitro. 
The development of memory 
The first experiment performed was a time course of 
the ability to respond to challenge in culture after 
primary immunization. Mice from each of five inbred 
strains (SJL, A, C57BL/10Sn, CBA, and DBA/l) were immunized 
with either 100 )ag DNP^^HGG^ in CFA followed by a boost 
with 100 yg DNPf^HGG, in saline on day 21, or with 50 Mg jyj X 
DNP^^HGG^ in AlCOH)^ on days 1, 28 and 56. Starting from 
the time of primary immunization, cultures were set up 
at seven day intervals using the spleen cells from one 
mouse of each strain. The ability to respond to a challenge 
with 16 pig of DNP^^HGG^ was measured, and the ratio of cpm 
in the stimulated cultures to the cpm in the unstimulated 
cultures was determined. For convenience, this ratio 
has been labeled the stimulation index (S.I.). The results 
from the CFA schedule are graphed in figure 40, with the 
Figure 40. The ability of DNP^^HGG^ to stimulate an in 
vitro response in different inbred mouse 
strains after immunization in vivo with 100 pg 
DNP^^HGG^ in CFA as described in the text. 
Times of immunization are indicated by arrows. 
The stimulation index is the ratio of cpm of 
^H-thymidine incorporated in antigen stimulated 
cultures to the cpm in unstimulated cultures. 
The time axis is the day after the primary 
immunization on which the culture was set up. 
(•) SJL; (O) A; ( O )C57BL/lOSn ; (A) CBA ; 
(O) DBA/1. 
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results from the AlCOH)^ schedule presented in figure 41. 
The results obtained with both immunization regimens 
closely approximate the in vivo results. In simplest 
terms, the high responding strains (SJL, A) show greater 
stimulation upon antigenic challenge in vitro than do 
the low or intermediate responding strains. 
This method of assay is actually a measure of the 
memory of the animal. Practically speaking, memory is 
the capacity to give enhanced responses to immunogens 
following prior sensitization (Greaves ejt a2. 1973) • 
Under both schedules used here, the high responding strains 
appear capable of developing a more expanded memory 
than do the low or intermediate responding strains. 
Therefore it appears that the primary defect in low and 
intermediate responders to DNP^^HGG^ lies in the ability 
to generate a memory population capable of responding to 
later antigen challenge. 
It has been found that memory for humoral responses 
to T-dependent antigens involves both T and B memory cells 
(Miller and Sprent 1971). This indicates that there may 
be a lack of memory generated in one of these two pop­
ulations in the case of the lower responding strains. In 
the case of low response to certain amino acid polymers, 
the T cell memory appears to be lacking (Grumet 1972). 
This results in the generation of igM memory B cells, but 
Figure 4l. The ability of DNP^^HGG^ to stimulate an in 
vitro response in different inbred mouse 
strains after immunization in vivo with 50 pg 
DNP^^HGG^ in Al(GH)^ as described in the text. 
Times of immunization are indicated by arrows. 
The stimulation index is the ratio of cpm of 
H-thymidine incorporated in antigen stimulated 
cultures to the cpm in unstimulated cultures. 
The time axis is the day after the primary 
immunization on which the culture was set up. 
( # ) SJL; (O) A; (•) C57BL/lOSn; (4)CBA; 
(O) DBA/1. 
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not in IgG memory B cells, which apparently require T cell 
help (Braley-Mullen 1978). 
Viability of different inbred strains in culture 
The viability of the cells of the individual strains 
after five days of culture was examined. This was done 
as a check that the incorporation seen was influenced by 
antigen stimulation and was not a reflection of the 
ability to culture the spleen cells of the different 
strains. These results are presented in table 42. It 
is clear that there are no large differences in cell 
viability between cultures with and cultures without 
antigen for the individual strains. The higher cell 
numbers seen in SJL and A cultures upon addition of antigen 
is probably due to the fact that primed cells were used 
for the experiments, with more extensive proliferation 
occurring with these high responder strains. 
Kinetics and organ localization of PFC's to DNP-HGG 
On the basis of the sequence of events discussed in 
the Introduction for the localization of the response to 
antigen, the total number of direct (igM) and indirect 
(IgG) PFC*8 was determined for five strains of mice 
following a primary immunization in the footpads using 
100 \ig DNP^gHGGg in CFA. The total number of PFC s of 
each class was determined for both the spleen and the 
inguinal lymph nodes on days 3, 7, Ik, 21, and 28. A 
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Table 42. Viable cell numbers present after 5 days of 
culture for spleen cells from various inbred 
strains with or without the addition of l6 pg 
DNP^^HGG^. Initially, each well received the 
same number of cells (6.5 x 10^). 
Strain Antigen Ave. Viable Cell Number 
per Well (x 10^) + SEM^ 
SJL f 4.1 ± 0.5 
2 . 9  ±  0 . 6  
A + 4.2 + 0.2 
3-5 ± 0 . 4  
C57BL/lOSn + 3.3 ± 0.5 
3.1 ± 0.5 
CBA f 5.9 ± 0.2 
5.2 + 0.4 
DBA/1 + 2.2+0.3 
2 . 0  +  0 . 4  
^SEM = standard error of the mean 
boost of 100 )ig of DNP^^HGGg i.p. in saline was adminis­
tered to one mouse from each strain on day 28 with the 
organs assayed on day 35. The results are graphed in 
figures 42 throught 45. 
An examination of the data from the inguinal lymph 
nodes (figures 42 and 43) demonstrates that the SJL and 
G57BL/lOSn strains are the only strains to show a primary 
response in these organs, with the SJL strain being the 
only strain to demonstrate the development of an increase 
Figure 42. The number of direct plaque forming cells 
per inguinal lymph node after primary 
immunization with 100 pg DNP^^HGGg in CFA. 
The time is the day after primary immuni­
zation, Each point represents a single 
mouse. One mouse from each strain was 
boosted on day 28 to provide the day 35 
time points. (#) SJL; (O) A; (•) C57Bl/lOSn; 
( A ) CBA; (O) DBA/1. 
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Figure 43. The number of indirect plaque forming cells 
per inguinal lymph node after primary 
immunization with 100 jug DNP^^HGGg in CFA. 
The time is the day after primary immuni­
zation. Each point represents a single mouse. 
One mouse from each strain was boosted on 
day 26 to provide the day 35 time points. 
(•) SJL; (O) Aï (•) C57BL/lOSn; (A) CBA; 
(O) DBA/1. 
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Figure 44. The number of direct plaque forming cells 
per spleen after primary immunization with 
100 DNP^gHGGg in CFA. The time is the 
day after primary immunization. Each point 
represents a single mouse. One mouse from 
each strain was boosted on day 28 to provide 
the day 35 time points. (•) SJL; (O) A; 
(•) C57BL/lOSn; (A) CBA; (<>) DBA/l. 
z 
< 
o 
o 
u 
u. 
CL 
I— 
KJ 
LU 
Of 
a 
1000 
800 
600 
400 
200 
14 
DAY 
Figure 4-5. The number of indirect plaque forming cells 
per spleen after primary immunization with 
100 DNP^gHGGg in CPA. The time is the day 
after primary immunization. Each point 
represents a single mouse. One mouse from 
each strain was boosted on day 28 to provide 
the day 35 time points. (#) SJL; (O) A; 
(•) C57BL/lOSn; (A) CBA; (<>) DBA/1. 
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in IgG PFC's in these organs. All the low/intermediate 
responders and the A high responder do not have any 
apparent development of a functional response in the 
primary draining lymph node. This does not exclude the 
possible development of memory cells which do not secrete 
detectable amounts of anti-DNP immunoglobulin. After 
boosting with antigen i.p. in saline, there is no 
significant increase in any class of PFC's seen in the 
inguinal lymph nodes of any strain. 
The spleen data (figures 44 and 4$) show a more 
complex pattern. There are insufficient data points for 
the C57BL/lOSn strain to draw any conclusions, although 
it is the only strain which demonstrates indirect PFC's 
prior to boosting. The strain does show a significant 
increase in indirect PFC's upon challenge. The SJL strain, 
which demonstrated both direct and indirect PFC's in the 
inguinal lymph nodes within 14 days, shows neither class 
of PFC's in the spleen. However, a very large number of 
indirect PFC's appear in the spleen of the boosted animal. 
The CBA and DBA/l strains show an early (day 3) development 
of direct PFC's in the spleen. The level of the direct 
PFC's remains constant over the time course studied and 
is not affected by boosting in either strain. Both strains 
do show an increase in indirect PFC's upon boosting, but 
to a much lower extent than that seen in the SJL strain. 
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Similar to the CBA and DBA/l strains, and dissimilar 
to the SJL strain, the A strain does develop significant 
numbers of direct PFC's in the spleen. This occurs 
even though the A strain is a high responder like the 
SJL strain. There appears to be a more rapid decrease 
in the number of direct PFC's in comparison to the CBA 
and DBA/1 strains. The A strain shows a large increase 
in the number of indirect PFC's after boosting. This 
increase is intermediate between the response of the SJL 
strain and the response of the CBA and C57BL/lOSn strains. 
The final pattern of the number of indirect PFC's 
directly parallels the results seen in serum antibody 
levels; high responders SJL (44,000 IPFC's) and A 
(13,000 IPFC's)} intermediate responders C57BL/lOSn 
(6,000 IPFC's) and CBA (7,000 IPFC's); and low responder 
DBA/1 (600 IPFC's). 
Recognition of the DNP-HGG molecule in vitro 
Spleen cells from the mice which had been examined 
for PFC's in the previous experiment were placed into 
culture. The mice had been primed with 100 pg of DNP^^HGGg 
in CFA. Cultures were challenged with I6 pg of either 
DNP^/HGG.. HGG^. or DNPc-BGG. The abilitv to incorporate 
•^H-thymidine in response to challenge was assayed. 
Calculations were made to determine what percent of the 
net increase in cpm due to DNP^^HGG^ stimulation could be 
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achieved using either HGGg or DNP^^BGG as the stimulating 
agent. Cultures were set up on the same day as the organs 
were assayed for PFC's. A least squares linear regression 
line was calculated for each strain to establish the trend 
in recognition of either the HGG or the DNP component of 
the conjugate. Figure 46 graphs the ability to stimulate 
with DNP, while figure graphs the ability to stimulate 
with HGG. 
All the strains appear to be stimulated by the DNP 
determinant early in the response (figure 46). Except 
for the GBA strain, all the strains decrease in their 
recognition of the DNP determinant with time. However, 
the low and intermediate responder strains (and to an 
extent the A strain) show greater recognition of DNP 
around the time of boosting (21 to 28 days) than the SJL 
strain. 
The ability to be stimulated with HGG^ falls in all 
but the A strain. The SJL and DBA/1 strains show the 
highest ability to be stimulated with HGGg early in 
the time course. The GBA strain shows a low level of 
stimulation (10-20%) throughout the time course. The 
A strain does not show any incorporation using HGGp 
early in the response, but this increase with time. 
The net increase in cpm due to DNP^^BGG stimulation 
was then compared to the net increase in cpm due to HGGg 
Figure 46. Least squares linear regression lines for 
different inbred mouse strains demonstrating 
the ability of the DNP hapten coupled to 
BGG to stimulate incorporation of label into 
cultures from DNP^^HGGg primed mice as a 
function of time after primary immunization. 
Mice were primed with 100 pg 
CFA and were not boosted, as described in 
the text. Cultures were challenged with 
16 pg of protein. 
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Figure 4?. Least squares linear regression lines for 
different inbred strain of mice demonstrating 
the ability of the HGG molecule to stimulate 
label incorporation into cultures from DNP^^HGGg 
primed mice as a function of time after 
primary immunization. Mice were primed with 
100 ]ag DNP^^HGGg in CFA and were not boosted 
as described in the text. Cultures were 
challenged with 16 ^g of protein. 
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stimulation at each time point. Once again, linear 
regression lines were calculated from the ratios at 
the time points. These lines are graphed in figure 48. 
Even though all the strains (except the CBA) showed 
changes in stimulation by DNP or HGG with time (figures 
46 and 47), the only strain to show a change in the 
ratio of the two is the A strain. Apparently, the strains 
generally decrease in the ability to be stimulated by 
DNP and HGG alone, but they both decrease at the same 
rate. The .exception is the A strain which dramatically 
Increases stimulation by HGG but decreases stimulation 
by DNP. This may explain why the A strain is a higher 
responder than the CBA, C57BL/lOSn and DBA/l strains 
since SJL recognition of HGG in vivo has been hypothesized 
as being responsible for its high responsiveness. It 
should also be noted in figure 48 that the lower responders 
consistently have a higher ratio, i.e., they are stimulated 
by the DNP determinant to a greater extent than the HGG 
determinant (1.5 to 2 times) throughout the time course. 
If one analyzes the results of these in vitro 
experiments, explanations for some of the differences 
seen between strains can begin to be formulated. The SJL 
strain appears to undergo a reaction in the lymph node 
with the development of an IgM response, followed by a 
Figure 48. Least squares linear regression lines 
demonstrating changes in the ratio of label 
incorporation in DNP-BGG stimulated to HGG 
stimulated cultures as a function of time 
after primary immunization using cells from 
DNP^^HGGg primed mice. Mice were primed 
with 100 pg DNP^gHGGg in CFA and were not 
boosted, as described in the text. 
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switch to an IgG response. The spleen shows no PFC's 
until antigen challenge, when the presence of a great 
number of IgG memory B cells is revealed. Figures 40 
and 41 reveal the gradual buildup of these memory cells 
in the spleen. The pattern is typical of that for 
particulate antigens (see Introduction). The generation 
of this type of memory is highly T cell dependent 
(Thorbecke ejt al. 197^) and therefore implicates helper 
T cells in their development here. 
The other high responding strain, the A strain, 
shows a quite different pattern. There appears to be no 
reaction in the lymph node but an early reaction in the 
spleen. The spleen develops an appreciable number of 
direct PFC's early but these numbers fall off rather 
rapidly. This might explain the high IgM antibody content 
of the serum from immunized A mice as compared to that 
îi'ûïù SJL micê (tâulô 25)» îhô âplêêu appêârs to accumulats 
a large number of IgG class memory B cells as revealed 
by antigen challenge both in vitro (figure 4-0) and in vivo 
(figure 45). These numbers are not as great as that seen 
in the SJL strain and their source (lymph node or spleen) 
cannot be stated. Their development has a parallel in 
the increased ability of the spleen to react with HGG 
defined determinants. The lower levels (as compared to 
the SJL strain) may be related to the late decrease in 
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direct PFC's and a late increase in HGG recognition. The 
pattern of response is typical of that for soluble antigens 
(see Introduction). 
The low responding strains show a low recognition of 
HGG in the spleen throughout the time course (figure 4?). 
They also develop an appreciable number of direct PFC's 
but fail to develop indirect PFC's (figures 44 and 45) 
and fail to develop high numbers of memory cells (figure 
40). 
The key to developing a high response appears to lie 
in the ability to recognize HGG determinants and to trap 
antigen. These may not be two separate events. Strains 
which do not appear to recognize HGG and allow the antigen 
to apparently pass the lymph node into the bloodstream 
still give a response but this response is largely direct 
PFC's, There appears to be some generation of IgG class 
memory B cells in all strains, but the lower responding 
strains show much less than the high responding strains. 
It may be that either the hapten reactive helper T cells 
which have been hypothesized to exist are less efficient 
in their help, or that there is a low level of switch 
from IgM to IgG synthesis in the absence of helper T cells. 
Mitchell (1977) has hypothesized that highly sub­
stituted DNP conjugates have a T-independent aspect to 
them based on their multivalency and their long range 
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persistence in animals after injection. The results 
seen here may be explained by a T-independent aspect of 
high conjugation DNP-HGG being active in all the strains, 
and a T-dependent aspect occurring early in the SJL strain, 
later in the A strain, and not at all in the low and 
intermediate responding strains. In support of this 
idea is the higher ability to be stimulated with DNP 
which is possessed by the low/intermediate responders 
but not the high responders (figure 46). In further 
support, the CBA strain is seen to maintain a high level 
of response to DNP throughout the time course (figure ^•6) 
but a low level of response to HGG (figure 47). This 
strain also maintains a high level of direct PFC's 
(figure 44) and does not generate memory (figure 40). 
All of these would be characteristic of DNP^^HGG^ and 
DNP^gHGGg acting as a T-independent antigen in this 
strain. 
An interesting experiment is graphed in figure 49. 
The parameters of the culture system had been developed 
using SJL spleen cells, which show an apparent maximal 
response with I6 pg of antigen, DBA/l cells and SJL 
spleen cells from primed mice (100 \xg DNP^gHGGg in CFA) 
were placed in culture and stimulated with I6, 64, 112, 
and 160 pg of DNPg^HGG,. As seen in figure 49, the SJL 
cells show a plateauing of the response, whereas the DBA/l 
Figure 4-9. The effect of the amount of antigen added 
per culture on the amount of label incorp­
oration into cultures of SJL and DBA/l spleen 
cellfj from mice immunized with DNP^^HGGg. 
(# ) SJL; ( O ) DBA/l. 
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cells show an increase in response directly reflective 
of the amount of antigen added. The latter pattern is 
also reflective of T-independent antigens. 
In vitro challenge with different antigens 
The response of the SJL strain was further analyzed. 
Spleen cells from mice which had been primed with 100 \xg 
DNP^^HGG^ in CFA were placed in culture and challenged 
with various antigens. The response was measured by the 
incorporation of ^H-thymidine. The percent of total 
label incorporation due to DNP^^HGG^ challenge which was 
generated by each antigen tested was calculated. The 
results from four experiments are summarized in table ^3. 
The use of noncross reactive proteins (BSA and BGG) 
yields less than 20^ of the incorporation due to DNP^^HGG^. 
DNP^gHGGg shows only about 70% stimulatory capacity, 
thus reaffirming the fact that different lots of HGG 
contain different immunogenic properties. DNP^qHGG^ 
also yields about 759^ of the total stimulatory capacity of 
DNP^^HGG^, probably due to its lower conjugation. HGG or 
DNP coupled to a non-cross reactive carrier both yield 
about 30%. Interestingly, addition of HGG and DNP 
together results in a synergistic increase in incorporation 
to the levels exhibited by DNP^^HGG^. An interesting 
experiment would be the addition of BGG and DNP together 
to see is the same synergy could be demonstrated. The 
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Table 43. The ability of various antigens to stimulate 
label incorporation into SJL spleen cells from 
DNP^^HGG^ primed mice in vitro. Cultures were 
stimulated with 16 ]xg of antigen. 
Antigen Percent of Incorporation 
by DNP^gHGG^ +8.E.M.& 
none 
DNP^^HGG^ 
DNP^pHGGg 
DNP^qHGG^ 
HGG^ 
hHGG^ 
DNP^^BSA 
DNP^^BGG 
HGGg + DNPj^BSA 
DNP^^HGG^ + DNP^qHGG^ 
BSA 
BGG 
0 
100 
71 ± 19 
75 ± 43 
29 ± 4 
49 ± 18 
30 ± 13 
25 
105 ± 16 
130 
5 ± 1 
19 
^.E.M. = standard error of the mean 
addition of DNP^qHGG to cultures along with DNP^^HGG^ 
results in a response greater than that seen with DNP^^HGG^. 
This is possibly due to activation of an HGG reactive 
population of cells by DNP^qHGG^. The conclusion is 
that the SJL strain recognizes both the DNP and the HGG 
molecules in its generation of a high response. 
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Incorporation by T and B cells 
A very preliminary experiment was performed in an 
attempt to identify whether the T cell or the B cell was 
responsible for label incorporation and the identity of 
the molecule each population recognized. Spleen cells 
from four mice of each strain (SJL, A, C57BL/lOSn, CBA, 
and DBA/1) which had been immunized 3 weeks earlier with 
DNP^gHGGg in CFA were pooled, and then divided. Two-
fifths were treated with mouse anti-theta antiserum, 
two-fifths were treated with rabbit anti-mouse immuno­
globulin antiserum, and one-fifth was treated with 
normal mouse serum. After 1 hour at 4°C, normal guinea 
pig serum was added and the tubes incubated at 37°C for 
1 hour. Both populations were greater than 80^ theta or 
Ig negative depending on antiserum treatment. The cells 
were washed twice and placed in cultures at 6.5 x 10^ 
cells per well. Thus, wells either contained normal, 
T cell enriched, or B cell enriched populations at the 
same cell density. The cultures were challenged with 
DNP^gHGG^, HGGg, or DNP^^BGG. A summary of the results 
appears in table 44. 
Definite conclusions cannot be drawn from these 
studies because duplicate cultures were not possible due 
to limited cell numbers, and low and intermediate 
responders do not normally show large amounts of incorpo-
Table 44. The in vitro response of spleen cells from five inbred strains of 
mice to various ar.tigens after treatment with antiserum. Mice had 
been primed with DNP^qHGG^ three weeks earlier. Cells were placed 
in culture at 6.5 x 10 cells per well and challenged with l6 ug of 
antigen.^ 
Strain 
SJL 
C57BL/lOSn 
C3A 
Antigen Normal Percent^ Anti-Ig Percent Anti-e- Percen 
Incorp. Treated Incorp. Treated Incorp 
None 59356 - 2344 - 48970 -
DNP^^HGG^ 
HGGg 
198332 100 13282 100 196341 100 
80324 15 5214 26 54146 4 
DNP^^BGG 
None 
97981 28 4418 19 121911 49 
19692 - 15553 - 25404 -
DNP^^HGG^ 
HGGg 
36290 100 31277 100 50467 100 
23112 20 16310 5 36055 42 
DNP^^BGG 
None 
21&18 12 24413 56 29834 18 
14252 - 14589 - 11287 -
DNP^^HGG^ 
HGGg 
29939 100 32555 100 33619 100 
13095 0 13082 0 12599 6 
DNP^^BGG 
None 
27409 84 28708 79 22549 50 
18024 - 9660 - 16696 -
DNP^^HGG^ 
HGGg 
39996 100 22040 100 41697 100 
22&40 22 8387 0 13929 0 
DNP^^BGG 28424 47 12874 26 33405 67 
DBA/'l None 
DNP^^HGGj 
HGGg 
DNP^^BGG 
32424 
58973 
34802 
56126 
100 
9 
89 
12527 
15728 
11797 
13908 
100 
0 
43 
27536 
57220 
30802 
44832 
100 
11 
58 
''Tor details of the experiment see text. Values are in cpm of %-thymidine 
for a single determination at each point 
Percent incorporation is obtained by: 
% incorp. = ( 
cpm^ - cpm^^^^ 
cim DNP^^HGGj - cpm None 
) X 100 
N 
00 
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ration with the addition of DNP^^HGG^. However, certain 
observations seem to occur consistently. There is a 
strong indication that most of the label incorporation 
seen for the spleen population is due to the theta 
negative population. This would include the B lympho­
cytes. These cells also appear to recognize the DNP 
determinant. The Ig-negative populations all show low 
stimulation with HGG, but significant amounts with DNP. 
It therefore appears that T cells may exist which 
recognize a DNP or a DNP-carrier defined determinant. 
The highest responding strain (SJL) shows the only 
significant incorporation using HGG challenge with the 
Ig-negative population. Even though the overall incorpo­
ration due to the Ig-negative cells is small in this 
strain (7^ of the total incorporation of the normal 
population), it appears that these cells may hold the 
key to generation of high numbers of anti-DNP indirect 
PFC's in response to DNP^^HGG^ or DNP^gHGGg» 
An additional study was also performed using only 
the SJL strain. Spleen cells were treated in the same 
fashion with antiserum and complement. These populations 
were greater than 90^ Ig or theta negative depending on 
the antiserum. The results are shown in table ^5* 
Again, 88% of the incorporation seen with stimulation 
by DNP^^HGG^ is due to the theta negative population. 
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Table The in vitro response of SJL strain spleen 
cells to DNP^^HGG^ stimulation after treat­
ment with antiserum. DNP^^HGG^ primed mice 
were used. Cultures contained 6.5 x 10^ 
cells and were stimulated with I6 jag of antigen. 
g Treatment Antigen cpm + S.D. 
None + 38711 ± 3484 
4806 i 759 
Anti-theta + 33897 ± 1764 
Anti-Ig f 8489 ± 514 
^Cells were treated as described in the text 
•h 
"S.D. = standard deviation 
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There is very low reactivity (22# of total achieved with 
normal populations) in the Ig-negative population. 
In summary, these studies have clearly shown the 
complex nature of the antigen, highly conjugated DNP-HGG. 
The antigen appears to possess both T-dependent and 
T independent properties. The B cell appears to be the 
the cell which incorporates most of the radioactive 
label upon antigen challenge in vitro. These cells 
appear to react mostly with the DNP determinant. There 
also appears to be hapten reactive T cells present in 
all strains, although the high response of the SJL 
strain appears to be due to carrier reactive T cells. 
The Immune Response to DNP^^BGG 
Because of the previous studies which had left the 
question of the importance of the carrier molecule in 
doubt, the influence of conjugation was tested through 
immunization with highly substituted bovine gamma 
globulin (BGG). BGG has about the same molecular weight 
as HGG, it substitutes with DNP to approximately the 
same degree, and it exhibits little detectable cross 
reactivity with HGG. The immune response to DNP-BGG has 
also been investigated. The results of Vaz and Levine 
(1970) and Freed et al. (1976) have shown the response 
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Table 46. The immune response of inbred mouse strains 
to 100 ]xg of DNP^^BGG in CFA. 
Strain No. Total PFC Ab. Conc.^ 
Mice per Spleen + SD (jag/ml) + SD 
SJL 4 39756 + 15580 1489 ± 182 
A 4 5719 ± 2398 641 +124 
C57BL/10Sn 4 862 + 476 308 + 19 
CBA 4 1577 ± 999 581 + 222 
DBA/1 4 2554 ± 1905 108 + 64 
= standard deviation 
^Antibody concentrations by reverse radial immuno­
diffusion 
to low (1 pg) doses of to map in the I region 
of the H-2 complex. High responsiveness is linked to 
a 1^ 
H-2 and H-2 haplotypes. Low responsiveness is linked 
to H-2^, H-2^, and H-2^ haplotypes. For these reasons 
it was a suitable antigen for the test of carrier and 
substitution effects. If the carrier were the more 
important aspect of the response to highly substituted 
molecules, the A and CBA strains should be high responders 
and the SJL, C57BL/lOSn and DBA/1 strains low responders. 
If the degree of substitution were more important, then 
the pattern of response would be similar to that seen 
with highly substituted DNP-HGG. The resulting total 
spleen PFC's and antibody concentrations are shown in 
table 46. Clearly, the degree of substitution is the 
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more important aspect of the response. 
Hormonal Effects on the 
In Vitro Response 
Since a sex-linked effect had been shown in 
studies on genetic control of the immune response (table 
31)» the effect of various steroid hormones on the in 
vitro secondary response was investigated. The spleen 
cells from one mouse of the A, SJL, CBA and DBA/l 
strains, which had been primed with 100 pg DNP^^HGG^ 
in CFA three weeks earlier, were placed in culture. 
Cultures were stimulated with antigen and the effect of 
various hormones at lO"? M concentrations on the 
antigen stimulated cultures examined. What was hypo­
thesized was that if hormonal effects were responsible 
for the sex-linked effects seen there would be the 
suppression of the response by male hormones or enhance­
ment of the response by female hormones in the CBA 
strain alone (see table 31). Solutions of estradiol, 
ethynylestradiol, progesterone, ethynyltestosterone, 
and diethylstilbestrol were tested. The results are 
presented in table . 
Of the five hormones tested, only the presence of 
progesterone showed any significant effect on the response. 
A suppression of the response is evident with progesterone, 
but only in the SJL and DBA/l strain cultures. The 
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Table 4-7. The effects of various hormones at 10 ? M 
concentration on the ability of DNP^^HGGg 
primed spleen cells from four inbred strains 
of mice to incorporate ^H-thymidine after in 
vitro challenge with 16 pg DNP^^HGG^.^ 
Hormone^ Ag SJL A CBA DBA/1 
None - 23103 48402 13608 22693 
+ 103407 86104 22300 36771 
Estradiol + ioo89o 74852 24574 25429 
DES + 93135 45975 24194 32540 
E. Estradiol + 95313 75253 24955 35325 
E. Testosterone + 106081 84626 26298 31946 
Progesterone + 64017 79138 25664 17445 
Prog. + E. Est. + 69022 ND^ ND ND 
Values are in cpm for a single determination 
^Abbreviations! DES = diethylstilbestrol; E. Est. 
and E. Estradiol = ethynylestradiol; Prog. = 
progesterone; E. Testosterone = ethynyltestosterone 
°ND = not done 
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physiological significance of this suppression is 
questionable because (1) if the effect were significant, 
then progesterone, as a female hormone, would be 
expected to enhance the response, (2) the suppression 
is significant, but not to the degree which is expected 
based on the m vivo results, (3) the strain which 
would be expected to show an effect (CBA) does not, and 
at least in humans, lymphocytes do not possess 
receptors for estrogen or progesterone (Neifeld ejb al. 
1977)• The conclusion is that none of the hormones 
tested significantly influenced the ability to generate 
a secondary response in vitro. There is still the 
possibility that one or more of the hormones influence 
the primary response in vivo. 
Another possibility was that there was a substance 
necessary for the action of the hormones missing from 
the culture system. To test this possibility, the medium 
used was made 5% in normal mouse serum. The normal 
mouse serum used was a pool formed from equal amounts of 
SJL, A, C57BL/lOSn, CBA and DBA/l normal serum. 
Appropriate controls were used since it is well-documented 
that normal mouse serum suppresses responses in vitro 
(Martineau and Johnson 1978). In addition, the effect of 
10"7 M spermine was tested since Byrd et al. (1977) have 
reported that spermine in the presence of 5^ PCS 
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significantly inhibits the immune response. The results 
are presented in table 48. 
Again, the hormone effects seen are probably non-
physiological. With one exception (progesterone in the 
CBA strain), all of the effects are suppressive, but not 
to the degree which would be predicted from the in vivo 
results. As predicted, normal mouse serum alone has a 
suppressive effect. However, the suppression is not 
antigen specific but affects both antigen stimulated 
and unstimulated cultures to the same degree. The ratio 
of cpm in antigen stimulated to cpm in unstimulated 
cultures remains about the same. This is in agreement 
with the findings of Martineau and Johnson (1978) that 
the suppressive effect, which is immunologically 
specific, acts on the adherent cell population in the 
generation of primary immune responses in vitro. The 
responses examined here are secondary. Also, in 
agreement with the results of Byrd ejt al. (1977), spermine 
had a suppressive effect in all four strains. 
It is possible that the hormones affect a cell 
population which is not present in the culture system. 
This would then lead to a secondary effect on the immune 
response. It is also possible that the hormones create 
conditions in the animal which influence the response. 
On the other hand, hormones may not be responsible for the 
Table 48. The effects of normal mouse serum (NMS) and NMS plus various 
hormones and spermine at 10 ^ M concentration on the in vitro 
response of DNP^^HGGg primed spleen cells from four inbred 
strains of mice. Cultures were challenged with l6 pg of DNP^^HGG^.^ 
Addition^ SJL A CBA DBA/1 
None 31033 57139 19940 20697 
-1- 121658 105302 37065 31746 
I#S " 10939 21294 12932 17267 
-h 66282 37340 26338 21462 
NMS + Spermine -h 48832 31595 19156 ND° 
NMS + Estradiol -1- 37258 27655 15519 ND 
NMS + DES -t- 56714 27249 23202 ND 
NMS + E. Estradiol -h 34971 30465 19946 ND 
NMS + E. Testosterone -1- 51389 31737 17945 ND 
NMS + Progesterone •i- 35818 27057 33237 ND 
NMS + Estradiol + DES •h 38077 ND 21564 ND 
NMS + DES + Progesterone + 31715 ND 13770 ND 
NMS + Estradiol + Prog. + 21135 ND 12838 ND 
Values are in cpm for a single determination 
Abbreviations: DES = diethylstilbestrol,• E. Estradiol = ethynylestradiol; 
E. Testosterone = ethynyltestosterone ; Prog. = progesterone 
^'ND = not done 
296 
sex-linked effects seen in these studies. 
The Effect of Various Proteins 
on the In Vitro Response 
The effects of selected proteins which have been 
found to influence the immune response were examined for 
their effect on the secondary response to DNP^^HGG^ 
in vitro using -^H-thymidine incorporation. Four strains 
of mice were used with the most extensive studies using 
spleen cells prepared from the SJL strain. The results 
appear in table 49. 
Mouse gamma globulin was added to cultures. The 
expected result would be the suppression of the response 
since it has been demonstrated that mouse gamma globulins 
can exert a feedback suppression on immunoglobulin 
synthesis by B cells (Weigle 1975)• In fact, Gordon and 
Murgita (1975) showed that this suppression was due to 
IgGl subclass antibody, with IgG2 subclass antibody 
demonstrating augmentation of the response. The results 
obtained here show suppression of incorporation in 
unstimulated cultures of SJL and CBA but not of A and 
DBA/l strain cells. This effect is also seen on incor­
poration due to DNP^^HGG^ stimulation of SJL cells. 
Therefore, the effect is probably non-specific. Whether 
the strain distribution of the effect is due to the pre­
sence of specific allotypes or anti-allotypes in the MGG 
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Table 4-9. The effect of various proteins on the in vitro 
response of spleen cells from DNP^^HGGg primed 
mice from different inbred strains. Cultures 
were stimulated with l6 pg of each protein added. 
Strain Protein Added^ + S.D. Control 
A None 43523 + 3747 100 
BGG 45914 + 3214 105 
MGG 47952 + 6377 110 
DBA/1 None 29355 + 333 100 
BGG 28219 + 3136 96 
MGG 24156 + 2197 82 
CBA None 38894 3910 100 
BGG 20436 + 1983 53 
MGG 12362 + 1286 32 
Fetuin 55956 + 4902 144 
SJL None 45659 + 1376 100 
BGG 40499 + 76 89 
MGG 27608 + 3074 60 
Fetuin 52132 + 2372 114 
MBSA 29658 195 65 
DNP^^HGG^ 126756 + 4802 100 
DNP^^HGG^ + MGG 57078 + 16435 45 
DNP^^HGG^ + Fetuin 95235 3695 75 
DNP^^HGG^ + MBSA 58765 + 4052 46 
DNP^^BGG f MBSA 83363 + 3074 66 
DNP^qHGG^ 76100 7798 60 
^Abbreviations; BGG = bovine gamma globulin, Cohn 
fraction II; MGG = mouse gamma globulin; MBSA = 
methylated bovine serum albumin 
^S.D. = standard deviation 
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preparation used, or to the particular strain of cells 
used cannot be discerned. Since 8O-9O# of the incorpora­
tion by DNP^^HGG^ stimulation in the SJL strain is 
apparently due to B cells, the MGG apparently exerts its 
effect on this population of cells. The effect may be 
through the Fc binding sites which B cells possess for 
aggregated gamma globulin (Dickler and Kunkel 1972). 
The effect of fetuin was tested because this protein 
has been shown to suppress the immune response in 
certain instances (Wigzell 1978). The results show that 
fetuin normally increases incorporation in unstimulated 
cultures but decreases incorporation in cultures stimulated 
with DNP^^HGG^. Because the suppression is barely 
significant and fetuin is present in only low levels in 
the adult, this effect is probably not physiologically 
significant. 
The effect of methylated bovine serum albumin was 
also tested. This protein is often used as an "adjuvant" 
in generating immune responses to negatively charged 
antigens (Williams and Chase I967). The effect here is 
suppression of incorporation in both DNP^^HGG^ stimulated 
and unstimulated cultures. This may be due to a non­
specific effect of the protein on the cells in culture. 
This effect is most likely exerted on B cells since they 
are responsible for most of the incorporation under normal 
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circumstances. Interestingly, addition of MBSA along 
with DNP^^BGG results in a significant increase in 
incorporation of these cultures. Since DNP^^BGG alone 
in primed SJL cultures usually yields about 30% of the 
incorporation due to DNP^^HGG^, the MBSA must act to 
provide the difference. It is unlikely that MBSA 
extensively cross reacts with HGG. The more probable 
conclusion is that MBSA is nonspecifically activating 
the same cell population as HGG when used in combination 
with DNP^^BGG (table 45). This may be due to the 
electrostatic properties of MBSA acting nonspecifically, 
or it may be substituting as the carrier molecule. 
The Immune Response of Allophenic Mice 
to DNP-HGG 
The allophenic mouse is the best studied mammalian 
primary chimera. A primary chimera is one in which all 
the tissues are potentially chimeric. This is in comparison 
to secondary chimeras which are chimeric only in certain 
tissues of the adult animal (McLaren 1976). The mice 
are formed by the aggregation of two eight-cell embryos, 
usually from different inbred strains (figure 50). The 
resulting mice are therefore composed of two different 
cell populations coexisting in the same animal in an 
apparent state of immunological tolerance. 
The two populations can be used to study interactions 
In vitro 
Cleavage-
Stage eggs 
Pronase 37'C 
In vivo 
V 
Incubator 9 
(X Vasectomizedcf) 
Figure 50. Diagram of procedures for obtaining allophenic mice from 
aggregated mouse embryos (from Mintz 1971» page 191). 
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among histoincompatible cell types. This becomes 
interesting when the generation of specific immune 
responses is examined. For such studies, allophenic 
mice can be constructed between two inbred strains, one 
of which is capable of producing antibody to a particular 
antigen and the other which is not. Mice can also be 
constructed between nonresponder strains which show 
genetic complementation in the F1 hybrid or which show 
dominant suppression, in the PI hybrid. Chimeras of one 
or more of these combinations have been used to examine 
the response to a number of antigens, including DNP-GIA^ 
(Warner et al. 1973)» GAT^^ (Warner et al, 1973)» GL# 
(Warner et al. 1976, 1977)» and (T,G)-A—L (Bechtol et aJ. 
197^a»b,  Bechto l  and McDevi t t  1976) .  
Initial reports (Bechtol et al. 1974a,b, Bechtol and 
McDevitt 1976) Indicated that immunization of chimeras 
of high and low responder combination resulted in the 
production of antigen specific antibody possessing 
allotypes from both strains. This was taken as an 
indication that cooperation had occurred across a histo­
compatibility barrier resulting in the production of 
antibody by low responder B cells. A later report which 
reexamined the allotypes present in the serum of these 
animals failed to detect low responder allotype in the 
anti-(T,G)-A—L antibody population (Press and McDevitt 
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1977). 
Immunization of various combinations of inbred strains 
in allophenic mice with DNP^^HGG^ was performed in an 
attempt to examine this question. The response was 
measured using the radioimmunoassay, reverse radial 
immunodiffusion and the plaque forming cell assay. 
Combinations of high and intermediate, high and low, 
intermediate and intermediate, and intermediate and low 
responder were tested with the results shown in table 50. 
Since the spleen appears to be the most important organ 
localization of the response (table 16), the percent 
contribution of each strain to this population is 
included. This latter data was provided through the 
efforts of numerous members of our laboratory. 
The low response obtained with the intermediate-
intermediate and intermediate-low responder combinations 
demonstrates two points. The first is that there is no 
apparent allogeneic effect resulting in the nonspecific 
stimulation of antibody production in these mice. The 
second is that there is no complementation seen in these 
combinations. This is in agreement with the data from 
the F1 hybrids of these combinations (table 27). 
If the response of the high-intermediate or high-low 
responder combinations is examined, the magnitude is 
seen to be generally reflective of the proportion of the 
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Table 50. Fifty-eight allophenic mice, of eight different 
combinations, examined for the composition of 
their spleen white blood cells and for their 
response to immunization with 50 ug DNP^^HGG-
in 1 mg Al(OH)^. 56 1 
A. AV-4C57BL/6 
Ab. Cone. 
No. fo A fo C5761/6 ABCj^a ( jag/ml j PFC^ 
170 99 1 32 950 120 
171 98 1 88 530 276 
191 92 12 100 2350 121 
159 86 11 128 710 191 
172 61 52 100 895 83 
173 55 59 65 210 31 
162 46 63 43 540 26 
168 29 95 33 420 29 
l6o 26 72 26 310 127 
158 20 97 9 160 4 
157 16 95 3.2 75 12 
167 13 106 47 360 10 
187 8 84 0 0 2 
B. A f 
No. 
•f (CBA X 
% A 
CBA/H-T6) 
<fo CBA 
^^^33 
Ab. Cone, 
(pg/ml) PFC 
178 - — 21 62 850 172 
177 — — 60 32 645 136 
181 — — 100 15 855 25 
179 104 15 500 14 
180 104 11 560 30 
^Reciprocal of the serum dilution which gives 
binding of a 10~® M solution of ^H-DNP-lysine 
^Antibody concentration by reverse radial immunodiffusion 
o A PFC per 10 spleen white blood cells 
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Table 50 (Continued) 
0. 
No. 
(A X SJL) C57BL/6 
% (AxSJL) % C57BL/6 ABC_ 2  
Ab. Cone, 
(pg/ml) PFC 
133 112 2 40 600 149 
152 107 6 128 1990 208 
134 106 2 44 705 145 
135 106 2 30 1380 174 
151 103 9 52 605 — — 
148 102 2 36 1470 
149 102 4 45 1660 
150 102 8 120 1840 
141 102 11 155 2500 
138 101 3 32 410 362 
139 96 1 35 475 174 
153 95 9 74 2100 34 
140 93 3 90 855 80 
137 89 5 75 1720 699 
142 86 14 25 510 312 
143 61 23 22 520 80 
D. 
No. 
(A X SJL) <-> (CBA X CBA/H-T6) 
ic (AxSJL) <fo CBA ABC-^ 
Ab. C one. 
(pg/ml) PFC 
136 - - — — 12 340 
E. 
No. 
A 4-» DBA/1 
A io DBA/1 ABC_ 2  
Ab. Cone, 
(pg/ml) PFC 
182 87 35 72 1770 509 
186 16 93 0 0 2 
183 15 95 0 0 3 
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Table 50 (Continued) 
F. C57BL/6 <-• (CBA X CBA/H-T6) 
Ab. C one. 
No. fc C57BL/6 fo CBA ABC (pg/ml) PFC 
125 86 17 0 0 9 
127 69 32 0 0 26 
128 55 51 0 6 
181*. - - 56 — — 120 84 
126 52 58 5.2 31 
129 26 61 4.0 205 160 
130 5 102 4.5 — — 14 
131 3 102 21 — — 38 
G. 
No. 
C57BL/6 ^  DBA/1 
fc C57BL/6 fc DBA/1 ABC^j 
Ab. C one. 
(pg/ml) PFC 
123 69 7 0 0 7 
124 42 35 0 50 7 
H. 
No. 
(CBA X CBA/H-T6)«-» DBA/1 
% CBA % DBA/1 ABC^j 
Ab. Cone, 
(pg/ml) PFC 
145 — - 2 0 — — 0 
l k 6  100 2 1.0 240 — —. 
174 101 7 21 635 1 
154 104 7 9.0 475 
165 106 8 0 50 - -
175 83 24 28 915 8 
166 81 40 0 50 — 
144 60 0 80 1 
164 16 93 0 0 — — 
163 7 104 0 0 
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high responder parental cells present in the mice. 
Since the thirteen A<r>C57BL/6 allophenic mice represent 
the largest population of one combination of inbred strains, 
they were subjected to further analysis. Figure 51 
illustrates the magnitude of the response as measured 
by RIA as a function of the spleen cell composition of 
these mice. As was stated above, the magnitude is 
reflective of the parental composition of the mice. 
A similar correlation has been shown to exist in the G'L0 
system (Warner et al. 1976). This indicates that 
either cooperation cannot occur across histocompatibility 
barriers, or that the B cells of the low/intermediate 
responder mice are defective in their ability to respond. 
The fact that all strains used can generate IgG class 
anti-DNP PFC's in response to DNP-HGG has been demonstrated 
(see In Vitro Examination of the Immune Response). The 
fact that the response is dependent on the number of high 
responder cells present, and that B cells of low responding 
mice are capable of a response, suggests that cooperation 
among the histoincompatible populations does not occur. 
These results have been confirmed by the absence of 
C57BL/6 allotype antibodies in the anti-DNP antibody 
population generated in the response (Warner et a2. 1978). 
These results agree with the allophenic studies of 
Press and McDevitt (1977) using (T,G)-A—L. This is also 
Figure 51- Correlation of the ABC^^ to the percentage 
of C57BL/6 spleen white blood cells. The 
line is the least squares linear regression 
line through all the data points. 
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N = 13 
r = 0.68 
P< 0.01 
« 80 
-0 40 §G 80 
% C57BL/6 SWBC 
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in agreement with a number of studies which have 
appeared (see Katz and Armerding 1976) examining cell 
interactions in reference to compatibility at the H-2 
complex. The studies have demonstrated that identity 
in the I region of the H-2 complex is essential for 
effective cooperation to occur in the generation of 
immune responses. Genetic identity at the MHC is also 
necessary for effective antigen presentation to T cells 
by macrophages (Yano ejt al. 1977) • Our understanding 
of cell cooperation and barriers to cooperation is just 
beginning. Allophenic mice are apparently tolerant 
to H-2 antigens but the barriers to cooperation in these 
mice seemingly continue to exist. 
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DISCUSSION 
From the studies presented here, a number of state­
ments can be made about the immune response to highly 
conjugated DNP-HGG. Unlike the response to many antigens, 
the response pattern seen with different inbred strains 
is not heavily dependent on antigen dose and adjuvant 
used. The same patterns can be seen at 1 jag, 50 pg and 
100 Jig doses using Al(OH)^ or CFA as the adjuvant (table 
21). The pattern is the result of the effect of mostly 
non-H-2 linked genes (table 27), although the influence 
of H-2 linked genes cannot be ruled out as being necessary 
for high responses (figures 25-31)• There appear to be 
a number of genes involved in the control of the response 
including at least one which is related to the sex of 
the mouse and is expressed in certain strains (table 31). 
The response is not related to antibody affinity (table 
23), but may be related to the isotype of antibody 
produced (table 25). Apparently the high degree of 
conjugation is the most important aspect of the antigen 
(table 46) leading to the response pattern seen, although 
recognition of the carrier appears to be important in 
generating high responses and immunological memory 
(tables 32, 33 and figure ^•7). The antigen itself 
exhibits no cross reactivity with the carrier molecule by 
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serological methods (figure 32), but does when the antigen 
is used to boost a response in carrier primed animals 
(table 33). 
The highest responding strain (SJL) appears to 
process the antigen as if it were particulate in nature 
like SRBC, tumor cells and KLH. This is characterized 
by lymph node trapping, a small response in the lymph 
node (figures 42 and 43), and the generation of a large 
number of memory cells available for secondary responses 
(figures 40 and 41). All the other strains handle the 
antigen as if it were a soluble antigen like BGG and BSA. 
The antigen appears to pass the lymph node (figures 42 
and 43) and generate a response in the spleens of A mice 
(figures 44 and 45) but not CBA or DBA/l mice (figures 
44 and 45). There may therefore be three classes of 
responders based on the degree of lymph node trapping and 
the resulting generation of memory cells in the lymph 
node or spleen: particulate processing high responders 
(SJL), soluble processing high responders (A), and soluble 
processing low responders (CBA, DBA/l). The type of 
processing of the low responding C57BL/6 and G57BL/10 
strains has not yet been tested. 
The minimal response seen in CBA and DBA/l mice may 
be related to a T-independent property of the antigen 
since the response generates large numbers of direct PFC's 
(figure 44), and induces relatively little immunological 
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memory (figures 40 and 4l). These strains do not appear 
to recognize the carrier determinants whereas the high 
responders do (figure 4-7, table 32). 
Early reports (Vaz and Levine 1970) had indicated 
the hapten derivatization of proteins led to the same 
pattern of response to the protein with an additional 
response to the hapten. In the case of the heavily 
conjugated proteins used here, the pattern appears to be 
different from that seen with the protein alone (table 32) 
and is instead unique and dependent on the degree of 
hapten derivatization. The use of heavily conjugated 
NIP-FGG and DNP-BSA also shows altered patterns of response 
to the hapten as compared to the carrier (Mitchell 1977)-
The effect of the degree of conjugation of antigens 
on immune responses has been examined previously. Klaus 
and Cross (1974) investigated the effect of epitope density 
on the response of mice to DNP-BSA. Lightly substituted 
protein (DNP-BSA) elicited IgG antibodies against DNP 
and BSA, whereas high conjugation (DNP^qBSA) yielded 
mainly IgM responses against DNP with little IgG and little 
immunological memory. The transition in behavior occurred 
at about 30 DNP groups per BSA molecule. The DNP^qBSA 
compound did not react with anti-BSA antisera. Although 
the response to DNP^qBSA was mainly IgM, the response was 
T cell dependent. The same results have been seen with 
highly substituted DNP-HSA compounds in mice (Dukor ejt al. 
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1974). The response was predominantly igM but was still 
T cell dependent. A similar pattern of response to 
DNP^^HGG in BALB/C mice has been noted by Havas and 
Pickard (1972). Most of the response was directed against 
DNP rather than HGG determinants. 
Klaus and Mitchell (19740 have examined the metabolism 
of heavily and lightly conjugated DNP-BSA in mice. The 
high conjugation (DNP^qBSA) compound was rapidly cleared 
from the bloodstream after i.v. injection but persisted 
at much higher levels in the spleen than DNP^BSA. There 
did not appear to be any difference in the uptake and 
degree of degradation by macrophages m vitro, although 
the higher conjugation appeared to slow the rate of 
degradation by lysosomal proteases. 
Compatible observations have been made with 
DNP-(T,G)-A—L and DNP-(Phe,G)-A--L in guinea pigs 
(Mozes and McDevitt 1969), DNP\^HGG in guinea pigs 
(Henney 1970), DNP^^HSA in rats (Larralde and Janof 1972), 
DNP^^BGG in guinea pigs (Quijada et al. 1974), DNP^^BGG 
in chickens (Yamaga and Benedict 1975)» and DNP^hCG in 
rhesus monkeys and rabbits (Dubey ejt al. 1976). 
The response to these highly substituted DNP 
compounds roay be partially related to their actions on 
complement. DNP^^_^qHSA has been demonstrated to interact 
with CI and initiate the alternate pathway of complement 
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fixation leading to consumption of C3 (Konig ejt al. 
197^). The higher the substitution, the greater the 
effect. This action is very similar to that seen with 
LPS, but different from that seen with polyanions, in 
that C4 consumption by Cls is inhibited with the latter 
compounds (Loos and Konig 1977). DNP-HSA can also be 
shown to bind and precipitate Clq (Loos and Konig 1977). 
Interestingly, many T-independent antigens have 
been shown to activate the alternate pathway of complement 
fixation. These include LPS, SIII, POL, LE, PVP, dextran, 
NIP-mRBC, and D-amino acid polymers (Coutinho and MSller 
1973, Mitchell 1977). All result in B cell proliferation 
and IgM production but little IgG and little or no 
immunological memory. This led Dukor and Hartmann (1973) 
to propose a two signal model for B cell activation. 
The first signal is the binding of antigen. The second 
signal involves C3b binding to receptors on the B cells. 
This C3b is generated through the actions of T-independent 
antigen in activating the alternate pathway or through the 
action of T cell released proteases which have been 
shown to be capable of cleaving 03 (Hill and Ward I969,  
Taubman e;t 1970). T cell mitogens have been shown to 
cause the release of lymphokines whose actions can be 
inhibited by protease inhibitors (Havemann et aJ. 1972). 
Zymosan, streptococcal polysaccharide, peptidoglycan and 
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carrageenan are complement activating compounds that induce 
selective extrusion of lysosomal contents from macro­
phages into the medium in vitro. These supernatants 
are very effective T cell replacing agents (Dukor ejt 
al. 197^)» The actions on complement may explain the 
actions of the T-independent antigens in B cell prolifera­
tion and generation of IgM antibody. T dependent antigens 
may create a third signal which results in the switch 
from IgM to IgG production and results in memory cell 
proliferation. 
However, Feldmann and Pepys (197^) found that the 
addition of anti-C3 antiserum to in vitro cultures in 
concentrations as low as 0.1 iog/ml suppressed T-dependent 
responses, whereas T-independent responses were unaffected 
by as much as 10 pg/ml anti-C3 antibody. Dukor e^ al. 
(19740 also found that anti-C3 antibody fails to inhibit 
mitogen induced B cell proliferation m vitro. Pepys 
(19740 found that 03 depletion of mice by cobra venom 
factor (GVF) administration did not affect the immune 
response to PVP but suppressed the response to SRBC, 
OVA and HGG. He hypothesized that 03 receptors on B cells 
and macrophages enhanced the presentation of T-dependent 
antigen. Janossy et (1973) also explained the actions 
of 03 through an augmentation of cell cooperation rather 
than as an obligatory signal for B cell activation. 
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Considerable evidence indicates that the action of 
C3 in T-dependent responses may relate to antigen 
trapping and cell cooperation. C3 depletion by CVF 
grossly interferes with the retention of T-dependent 
antigens by the spleen and therefore with follicular 
localization which may be necessary for T-dependent 
antibody responses (Dukor and Hartmann 1973)' C3 depletion 
in vivo with CVF or SIII totally suppresses the local­
ization of aggregated HGG in the spleen (Nussenzweig and 
Pincus 1972). Aggregated igG and antigen-antibody 
complexes effectively localize in the follicles. In 
fact, Embling et a2. (1978) have found that the sole 
structural requirement for germinal center localization 
of Ig aggregates is the ability to fix complement. 
Passively administered antibody with intact Fc which can 
fix complement can be shown to enhance responses 
(Nussenzweig and Pincus 1972). 
Areas in which antigen localizes coincide with the 
areas of distribution of lymphocytes with complement 
receptors (CRI^) (Nussenzweig and Pincus 1972). CRL" 
B cells can be activated with repeating determinant 
antigens such as horse rbc's and DNP-POL, whereas CRL"*" 
B cells can be activated by these antigens and most 
other antigens tested (Parish and Chilcott 1975)• CRL 
B cells cooperate poorly in response to SRBC and T cells 
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in vitro, but give near normal antibody responses to 
DNP-AE-dextran and can be activated by LPS and CVF (Dukor 
et al. 1974). CRL^ B cells are the precursors of IgM 
producing cells (Nussenzweig and Pincus 1972, Dukor 
et al. 1974). 
Antigen induced generation, trapping and retention 
of immunospecific blast cells are unaffected by 03 
depletion by CVF in vivo although IgG antibody production 
is suppressed (Pepys et al. I976). CVF does not bind to 
murine spleen cells and does not affect 03, Fc, 6- or 
Ig expression in vivo or in vitro (Pepys ejt al. 1976). 
Most of the blast cells produced in 03 depleted mice are 
T cells suggesting an influence on T-dependent antibody 
production at a later stage (Pepys et a2. 1976). 
Cleavage of 03 would be a biologically acceptable 
process for induction of immune responses. 03 plasma 
concentrations are ten times greater than any other 
component of the complement system (Fothergill and 
Anderson 1978). 03^ has been shown to be generated from 
03 by T-independent antigens (Mitchell 1977)» lympho-
kines secreted by T cells (Taubman et al. 1970), and 
proteases released by macrophages (Weissman et al. 1971). 
In addition, 03b rapidly loses its binding capacity in 
the fluid phase (GOtze and Muller-Eberhard 1970). This 
allows for rapid turnover and limits its effectiveness to 
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short ranges. This makes it ideal based on the organiza­
tion and description of cell cooperations in immune 
responses in lymph nodes and spleens. 
Based on these observations, a model for generating 
responses in either lymph node or spleen is shown in 
figure 52. Highly conjugated DNP compounds can be 
included in this model both in the T-independent and 
T-dependent pathways. A number of observations from the 
literature cited in the Introduction and the Discussion, 
and the data presented here support the model or can be 
explained by it. 
T-dependent antigens which pass into the lymph node 
appear to be first trapped by the macrophages which line 
the subcapsular and medullary sinuses (Weiss 1972). 
This antigen can then exist as surface bound antigen on 
the macrophage or be ingested, partially degraded and 
then secreted (Erb et al. 1977» Feldmann 1978). Since 
T cells comprise the majority of cells in the blood­
stream (table 1), the antigen reactive T cells then 
become selectively localized in the node or spleen due 
to the presence of antigen (Sprent and Miller 1973). 
The T cells recognize the antigen through antigen 
specific receptors on the surface (Cone and Janeway 1977)' 
This recognition is not dependent on complement and 
results in the generation of T cell blasts (Pepys et al. 
Figure 52. A possible model for the action of complement 
in the induction of T-dependent and 
T-independent responses. 
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1976). T cells may then carry the antigen to the 
germinal centers (Embling ejt al. 1978). The antigen 
is there released as a complex of IgT and antigen 
(Feldmann 1977) which then attaches to the surface 
of dendritic macrophages along with C3b. The C3b is 
generated by the simultaneous release of lymphokines by 
T cells which act on C3 to generate C3b (Taubman ejb al. 
1970). An alternate process would involve natural 
antibody combining with antigen and then fixing 
complement to become bound to the dendritic macrophages 
(Ada et al. 1967). The macrophage is activated through 
one of these processes (Weissman ejt al. 1971) and then 
presents antigen to the B cells in a highly immunogenic 
form (Feldmann 1978). This last presentation may also 
involve the C3b receptor on B cells since preincubation 
of B cells with C3 inhibits their subsequent interactions 
(Dukor and Hartmann 1973). B cell blast production is 
also suppressed by C3 depletion (Pepys ejt al. 1976). 
The C3b could be generated by the activated T cells in 
the area or by the macrophages themselves (Weissman 
et al. 1971). This model for the generation of a humoral 
immune response can be molded to accomodate most studies 
of soluble factors and MHC restrictions on cell 
interactions. 
An interesting aspect of this model is the role of 
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T-independent antigens in triggering B cells. These 
antigens may actively suppress T cell help and 
therefore the generation of IgG antibody and 
immunological memory by their localized depletion of 
03. Since many T-independent antigens cleave C3 to 
generate C3b, and since C3b exists for only a short 
time in the fluid phase, such localized depletion could 
explain the results seen with these antigens (i.e. 
IgM production only). This is supported by the fact 
that ficoll is a T-independent antigen which allows the 
production of some IgG antibody (Sharon et al. 1975) 
and has not been shown to cleave C3 to C3b. On the 
other hand, LPS and IE exhibit IgM antibody production 
exclusively (Del Guercio and Leuchars 1972) and readily 
cleave 03 to C3b (Mitchell 1977). This does not 
exclude other possible actions of T-independent antigens 
due to their special structural features. 
Since highly substituted DNP-proteins can also 
cleave 03 to 03b (Konig et_ al. 1974), they may act 
like T-independent antigens by locally depleting 03. 
This would result in lower antigen retention and 
primarily IgM responses. This may account for the 
T-independent properties of DNP-HGG which have appeared 
here in the OBA and DBA/l strains as noted above. The 
antigen is not as T-independent as LPS or LE however, 
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but is more like ficoll in that it allows some production 
of IgG antibody secreting cells (figure ^•5) and some 
memory to develop (figures 40 and 4l). 
The question which arises concerning the system 
studied here is then different from that usually posed. 
The main concern changes from why the response in the 
CBA and DBA/l strains is so low to why is the response 
of the SJL strain so high. Higher complement levels 
cannot completely account for the differences in response 
since male mice normally have higher complement levels 
than females (Hinzova et al. 1972) but show lower 
responses to DNP-HGG in some strains of mice (table 31). 
There is the possibility that the SJL strain possesses 
a genetic variant of 03 which is not susceptible to 
the actions of highly conjugated DNP-proteins. Genetic 
variants of 03 have not been studied in mice but are 
known to exist in humans and rhesus monkeys (Alper and 
Rosen 1971). An alternate explanation is that the SJL 
strain possesses more natural antibody against DNP 
and/or HGG which can be used to aid in the localization 
of antigen in the lymph nodes on the dendritic macrophages. 
The experiments presented here do not support this 
hypothesis. Since carrier recognition appears to be 
a very important aspect of generating high responses to 
highly substituted DNP-proteins, a third hypothesis 
324 
would include some aspect of this recognition. A 
fourth hypothesis would again relate to the possible 
genetic variants of C3 and would involve the generation 
of fragments of C3 which could competitively inhibit the 
effects of C3b. In this case, the more complement 
present, the more inhibitor which would be generated. 
This would coincide with the findings of the male vs. 
female results seen here (table 31). since males may 
higher complement levels but lower responses than 
females. The strain distribution of this effect would 
then parallel the different susceptibility of the 
possible genetic variants of 03 to the generation of 
these inhibitory fragments. These are just some of 
the many hypotheses which could explain the very high 
response of the SJL mice. 
An important result of the studies presented here 
involves the mechanism of the gsnetic control of the 
response to DNP-HGG. The major control appears to be 
linked to a non-H-2 gene (table 27). This gene may 
influence the regulation or structure of a complement 
component involved. An H-2 linked effect, which cannot 
be ruled out (figures 25-31), can also be explained 
since it has been demonstrated that the S region of the 
H-2 complex is intimately involved in the control of 
the serum levels of early complement components 
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(Shreffler and David 1975). Other gene loci would be 
expected to influence such a complex process. Sex 
linked effects on complement levels have been 
demonstrated (Shreffler and David 1975) and sex linked 
effects on the response to high conjugation DNP-HGG have 
been demonstrated here (table 31). Thus it appears that 
the genetic data is not in conflict with the model in 
figure 51' The role of complement in this system 
needs to be tested directly in further studies. 
This study of the immune response to DNP-HGG has 
revealed the complex nature of the interactions which 
are involved. This is important since most naturally 
occurring antigens are indeed complex. The possible 
role of complement in this system is potentially quite 
exciting. There is one known human patient with 
homozygous C3 deficiency. This person has essentially 
normal serum immunoglobulin levels but less than 0=1^ 
of the normal levels of 03 (Alper et al. 1972). This 
person also has a striking susceptibility to infection 
with pyogenic organisms. The mechanism of response to 
DNP-HGG which is proposed here may therefore be applicable 
to generation of response to bacterial infections. 
Since the hypothesis presented is only one of many 
which have been put forward over the years to explain 
cell cooperation- its main purpose is to function as a 
326 
theory to be tested. Thus, experiments should be 
performed to assay for the effects of DNP-HGG on 
cleaving C3. Investigations should be made into the 
possible existence of C3 genetic variants in mice. The 
effect of immunization with T-independent antigens and 
T-dependent antigens in combination should be investigated 
using T-independent antigens which differ in their 
complement activating properties. A further analysis 
of the genetics could be pursued in an attempt to 
identify or map the non-H-2 gene(s) which influence the 
response. Thus, this is one model system which may 
be used to identify the complex mechanisms which 
underlie the generation of humoral immune responses. 
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SUMMARY 
These experiments have investigated the in vivo 
and in vitro immune response of mice to highly conjugated 
dinitrophenyl gamma globulins. Six inbred strains of 
mice (SJL, A, CBA, DBA/l, C57BL/6, C57BL/10) were tested 
for their response to immunization with varying doses of 
DNP^^HGG^ in either Al(OH)^ adjuvant or CFA. Unlike most 
immune responses which have been described, the response 
pattern of the strains tested was generally the same 
regardless of the dose of antigen or the adjuvant. 
The response of the different strains to a 50 Mg 
dose of DNP^^HGG^ in Al(OH)^ was examined more closely 
in an attempt to more clearly define the cellular and 
genetic mechanisms leading to the pattern seen. The 
response was examined using a radioimmunoassay to examine 
the serum anti-DNF binding ability, reverse radial 
immunodiffusion to determine the anti-DNP antibody 
concentration, and a plaque forming cell assay to measure 
the concentration of anti-DNP antibody secreting cells in 
the spleens of immunized animals. Sera were also 
examined for the isotype and the relative affinity of 
the anti-DNP antibodies. The response pattern seen was 
the result of differences in the magnitude of the response 
of the different strains and was not due to differences 
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in the average anti-DNP antibody affinities. The affinity 
of the antibody produced by all the strains tested 
was dependent on the dose of antigen and the adjuvant 
used. 
The genetic control of the response to a 50 }ig dose 
of DNP^^HGG^ in Al(OH)^ was examined through the use of 
congenic strain, F1 hybrid, and backcross generation mice. 
It was found that at least two genes control the response 
to antigen. A non-H-2 linked gene was responsible for 
the largest differences seen in the magnitude of the 
response. There also was an indication that an H-2 
linked gene may be active in the genetic control. Other 
non-H-2 linked genes also appear to exert minor influences 
on the magnitude of the response. One of these genes 
was linked to the X-chromosome and was expressed in 
certain strains. 
It appeared that the response may be general for 
highly conjugated dinitrophenyl proteins, or at least 
for highly conjugated dinitrophenyl gamma globulins. 
The response pattern was the same when mice were immunized 
with DNP^^BGG. Based on the pattern of response which 
has been established for BGG by other researchers, it 
appeared that the high degree of conjugation was the 
most important aspect of the antigen leading to the 
response pattern seen here. 
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The DNP^^HGG^ antigen was further analyzed to determine 
what portion of the molecule was active in generating 
responses, it was found that, with the exception of a 
tertiary response in the SJL mice, no anti-HGG antibody 
was produced by any strain at any time using the highly 
conjugated antigen. All strains were capable of making 
large amounts of anti-HGG antibodies when immunized with 
the HGG molecule alone. The DNP^^HGG^ antigen did not 
serologically cross react with any antisera produced 
against HGG or hHGG. Despite these findings, recognition 
of the carrier molecule appeared to be essential in 
generating high responses. Thus, the high responding 
SJL and A strains recognized the carrier whereas the lower 
responding strains C57BL/10, CBA and DBA/l did not. 
It appeared that the DNP^^HGG^ antigen used 
contained both T-dependent and T-independent aspects. 
All strains used appeared to recognize the T-independent 
aspect of the antigen, but only the high responding 
SJL and A strains adequately recognized the T-dependent 
aspect of the molecule. Thus, the lower responding 
strains produced mainly IgM antibodies and little 
immunological memory in their response whereas the 
opposite was true for the high responding strains which 
produced IgG antibody and immunologically memory. 
Based on the degree of lymph node trapping of 
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antigen and the amount of immunological memory generated, 
the mice could be placed into three classes; particulate 
processing high responder (SJL), soluble processing high 
responder (A), and soluble processing low responder (CBA, 
DBA/1). 
The findings are discussed in light of other 
recent reports examining the effect of epitope density 
on the response to DNP-protein complexes. Also discussed 
is the possible involvement of complement in immune 
processes and the interaction of DNP-protein complexes 
with the components of the complement system. 
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